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I N F O R M A T I O N  T O  U S E R S
This d is s e r ta t io n  was p ro d u c e d  f r o m  a m icro film  c o p y  o f  th e  orig inal d o c u m e n t.  
While th e  m o s t  adv anced  te c h n o lo g ic a l  m eans t o  p h o to g ra p h  a n d  r e p ro d u c e  th is  
docum en t h a v e  been  used, t h e  q u a l i ty  is heavily  d e p e n d e n t  u p o n  t h e  q u a li ty  o f 
the  original s u b m i t t e d .
The fo l lo w in g  e x p la n a t io n  o f  t e c h n iq u e s  is p ro v id e d  t o  he lp  y o u  u n d e rs ta n d  
markings o r  p a t t e r n s  w hich  m a y  a p p e a r  on  th is  r e p r o d u c t io n .
1. T h e  sign or " t a r g e t "  f o r  pages a p p a re n t ly  lacking  f ro m  t h e  d o c u m e n t  
p h o to g ra p h e d  is "M iss in g  Page(s)". If it w as  possible  t o  o b ta in  th e  
m iss in g  page(s) o r  s e c t io n ,  th ey  a re  sp l iced  in to  th e  f i lm  along  w ith  
a d ja c e n t  pages. T h is  m a y  have n e c e ss i ta te d  c u t t in g  th ru  a n  image and  
d u p l ic a t in g  a d ja c e n t  p ag es  to  insure y o u  c o m p le te  c o n t in u i ty .
2. W h e n  an  image o n  t h e  film is o b l i t e r a t e d  w ith  a large r o u n d  black 
m a rk ,  it is a n  in d ic a t io n  th a t  th e  p h o to g r a p h e r  su s p e c te d  t h a t  th e  
c o p y  m ay have m o v e d  du ring  e x p o s u r e  a n d  th u s  c au se  a b lurred 
im age . Y ou will f in d  a  goo d  image o f  t h e  page in th e  a d ja c e n t  fram e.
3. W h e n  a m ap, d r a w in g  o r  char t ,  e tc . ,  w as  p a r t  o f  th e  m ate r ia l  being 
p h o t o g r a p h e d  t h e  p h o to g ra p h e r  fo l lo w e d  a d e f in i te  m e th o d  in 
" s e c t io n in g "  t h e  m a te r ia l .  It is c u s to m a r y  to  begin p h o to in g  a t  th e  
u p p e r  le f t  h a n d  c o r n e r  o f  a large s h e e t  a n d  t o  c o n t in u e  p h o to in g  fro m  
le f t  t o  right in e q u a l  sec tions  w i th  a sm all overlap . If necessary , 
se c t io n in g  is c o n t i n u e d  again — b eg in n in g  be low  th e  f i r s t  row  and  
c o n t in u in g  o n  u n t i l  c o m p le te .
4. T h e  m ajority  o f u s e r s  ind ica te  t h a t  t h e  t e x tu a l  c o n te n t  is o f  grea test 
v a lu e ,  how ever, a s o m e w h a t  h igh er  q u a l i ty  r e p ro d u c t io n  cou ld  be 
m a d e  fro m  " p h o t o g r a p h s "  if e ssen tia l  t o  th e  u n d e rs ta n d in g  o f  th e  
d is se r ta t io n .  S ilver  p r in ts  o f  " p h o to g r a p h s "  m ay  b e  o rd e red  a t  
a d d i t io n a l  ch arg e  b y  w riting  th e  O r d e r  D e p a r tm e n t ,  giving th e  catalog 
n u m b e r ,  t it le , a u t h o r  a n d  specific p a g es  y o u  wish re p ro d u c e d .
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Many d i f f e r e n t  pa thways  t o  t h e  s y n t h e s i s  o f  ammonium 
f l u o r o l a n t h a n a t e s  were  i n v e s t i g a t e d .  The a t t e m p t e d  r o u t e s  
met w i th  v a r y i n g  d e g r e e s  o f  s u c c e s s ,  depen d i ng  upon f a c t o r s  
such  a s  m e t a l  u s e d ,  m o la r  r a t i o s  of  r e a c t a n t s ,  c o n c e n t r a t i o n s  
o f  r e a c t a n t s ,  s o l v e n t  u s e d ,  and method o f  i s o l a t i o n  and d r y i n g  
o f  p r o d u c t s  o b t a i n e d .  Only t h r o u g h  c a r e f u l  c o n t r o l  o f  r e a c ­
t i o n  c o n d i t i o n s  can  p u r e  compounds be o b t a i n e d  r e p r o d u c i b l y .
Of t h e  v a r i o u s  s y n t h e t i c  r o u t e s  examined  and t h e  many 
p r o d u c t s  o b t a i n e d ,  t h r e e  methods  p roved  most  u s e f u l  and a 
s e r i e s  o f  new compounds was p r e p a r e d  u s i n g  each  me thod .  These  
methods  and t h e  t y p e s  o f  p r o d u c t s  o b t a i n e d  from each  a re*
CH3OH s a t d  NH4F
( l )  Ln + Br? ------------------- LnBrg  > (NH4 ^ L r ^ F ^ * ^ 0
i n  CH3OH
cancd  HNO3 30?£ a q .
( ? )  Ln  > Ln(N03 ) 3  > (NH4 ) 3Ln2Fg*H20
NH4F
1 . c o n c d  HC1 2095 a q .
( 3 )  Ln ■--------------------- * LnF3 *xH20  > NH4LnF4
2 .  HF NH4F
The compounds p r e p a r e d  by each  method were s t u d i e d  by
d i f f e r e n t i a l  t h e r m a l  a n a l y s i s ,  t h e r m o g r a v i m e t r i c  a n a l y s i s ,  
X- r ay  d i f f r a c t i o n ,  and i n f r a r e d  s p e c t r o s c o p y .
Computer  p rograms  were w r i t t e n  t o  e x p e d i t e  t h e  com­
p a r i s o n  o f  X- ray  d i f f r a c t i o n  d a t a  and t o  c a l c u l a t e  p e r  c en t  
c o m p o s i t i o n s  of  ammonium f l u o r o l a n t h a n a t e s  and ammonium 
f l u o r o l a n t h a n a t e  h y d r a t e s .
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I .  INTRODUCTION
Complexes o f  t r a n s i t i o n  metal  f l u o r i d e s  have  been 
wide ly  s t u d i e d  and amply r e v i e w e d , * " 4 However,  f l u o r o c o m -  
p l e x e s  o f  t h e  l a n t h a n i d e  m e t a l s  have come under  much l e s s  
e x t e n s i v e  i n v e s t i g a t i o n .  The l a n t h a n i d e  f l u o r o c o m p le x e s  
s t u d i e d  have  been a lm o s t  e x c l u s i v e l y  o f  t h e  t y p e s  A*Ln***F4, 
(A » L i ,  Na,  K) and A*3Ln***Fg (A « K, Rb, Cs,  NH4 ) , *  Not 
a l l  o f  t h e  p o s s i b l e  compounds o f  t h e s e  two t y p e s  have been 
p r e p a r e d  f o r  eve r y  l a n t h a n i d e  meta l  w i th  each o f  t h e  mono­
p o s i t i v e  c a t i o n s  l i s t e d ,  and a lmos t  a l l  o f  t h e  r e p o r t e d  work 
ha s  d e a l t  w i th  t h e  a l k a l i  me t a l  c a t i o n s .
Most o f  t h e  complexes  have been p r e p a r e d  i n  s t u d i e s  
o f  phase  e q u i l i b r i a  i n  mo l t en  AF-LnF3 (A a a l k a l i  m e t a l )
m i x t u r e s ^ ” * 2 o r  by m e l t i n g  t o g e t h e r  s t o i c h i o m e t r i c  amounts
I T  1 fio f  t h e  meta l  f l u o r i d e s ,  A smal l  number have  been p r e ­
p a r e d  by t h e  a c t i o n  o f  f l u o r i n e  on m i x t u r e s  o f  f l u o r i d e s  o r
17c h l o r i d e s  a t  400°  o r  by h e a t i n g  Na2C03  o r  NaF w i th  Ln203
15i n  hydrogen  f l u o r i d e .
S u c c e s s f u l  a t t e m p t s  t o  p r e p a r e  l a n t h a n i d e  f l u o r o c o m -  
p l e x e s  i n  aqueous  s o l u t i o n  have been e x t r e m e l y  l i m i t e d  l n  
number .  The complexes  (NH^^ScFg and NH^ScF^ havB been p r e ­
pa r e d  i n  aqueous  s o l u t i o n S h e v c h e n k o 2^ r e p o r t e d  i s o ­
l a t i o n  o f  KSm2 F7 »H20 and RbSmsF^g from aqueous  s o l u t i o n .  
Ivanov-Emin and c o w o r k e r s , 2* l n  work p u b l i s h e d  w h i l e  t h e
* In  t h i s  t h e s i s ,  t h e  symbol Ln has  been u sed  a s  a g e n e r a l
r e p r e s e n t a t i o n  f o r  any l a n t h a n i d e .
1
2p r e s e n t  s t u d y  was i n  p r o g r e s s ,  d i d  s o l u b i l i t y ,  o p t i c a l  den­
s i t y ,  and e l e c t r i c a l  c o n d u c t i v i t y  s t u d i e s  on t h e  s y s t e m s  
LnCl3 -AF-H20 where Ln i s  E r ,  Yb, o r  Lu and A i s  Na, K, Rb, 
o r  Cs .  They r e p o r t e d  o b t a i n i n g  t h e  complexes  NaEr2F7 *0 . 5  H2O, 
NaYb2F7 »G, 5  H20,  A2Ln3F n * l ,5  H2O (A r  K, Rb| Ln s  E r ,  Yb),  
Cs2Ln3F n « H 20 (Ln s  E r ,  Yb, Lu ) ,  and t<2Lu3F i i « l ,5  H2O,
I s o l a t i o n  o f  ammonium complexes  o f  t h e  l a n t h a n i d e  
f l u o r i d e s  i n  aqueous  s o l u t i o n  was a t t e m p t e d  by B a t s a n o v a . ^
He t r e a t e d  l a n t h a n i d e  c h l o r i d e s  w i th  ammonium f l u o r i d e  s o l u ­
t i o n s  and r e p o r t e d  o b t a i n i n g  t h e  compounds 0 ,5  NH4F«LaF3 »0 . 5  H2 O1 
0 ,7  NH4F«LaF3 - 0 . 4  H20 |  0 . 3  NH4F*NdF3 *0 . 4  H20» 0 .7  NH4F »SmF3 -  
• 0 . 4  H20 1 0 . 7  NH4F*SmF3 *0.B H20» 1 . 1  NH4F-EuF3 » 1 .2  NH4F«GdF3 |
0 , 8  NH4F»DyF3 j 0 . 6  NH4F*HoF3 *0.1 H20j  0 . 7  NH4F »ErF3 »0 , l  H20»
0,7  NH4 F*YbF3 *0.1 H20i  0 , 8  NH4F »YbF3 »0 .2  H20 |  and 1 .1  NH4F • YF3 , 
The p r e s e n t  i n v e s t i g a t i o n  was t h e r e f o r e  u n d e r t a k e n  i n  
o r d e r  t o  i n v e s t i g a t e  t he  p r e p a r a t i o n  o f  ammonium f l u o r o l a n ­
t h a n a t e s  i n  bo th  aqueous  and nonaqueous  s o l u t i o n s .  The sy n ­
t h e s i s  o f  ammonium f l u o r o l a n t h a n a t e s  i n  nonaqueous  media  was 
o f  p a r t i c u l a r  i n t e r e s t  s i n c e  i t  o f f e r e d  t h e  p o t e n t i a l i t y  o f  
p r e p a r i n g  anh yd r ous  co mp lex es .
Whi l e  t h e  p r e s e n t  work was i n  p r o g r e s s ,  a r e p o r t  on 
t h e  r e a c t i o n  of  p o t a s s i u m ,  r u b i d iu m ,  and ces ium f l u o r i d e s
23
w i t h  l a n t h a n i d e  c h l o r i d e s  i n  mBthanol  s o l u t i o n s  a p p e a r e d .  
P r e p a r a t i o n  o f  t h e  compounds KgLnFg (Ln s La ,  Sm, E r ,  Yb,
L u ) ,  RbLnF4 (Ln s La,  E r ,  Yb) and CsLnF4 (Ln s La,  Sm, E r ,
Yb) was d e s c r i b e d .
I n  a d d i t i o n  t o  s y n t h e s i z i n g  new ammonium f l u o r o l a n -
3t h a n a t e  compounds,  t h e  p r e s e n t  work a l s o  had  a s  i t s  o b j e c t i v e  
t h e  c h a r a c t e r i z a t i o n  o f  t h e s e  new compounds by means o f  t h e r ­
mal d eco m p o s i t i o n  s t u d i e s ,  X- r ay  d i f f r a c t i o n ,  and i n f r a r e d  
s p e c t r o s c o p y .  Even f o r  known f l u o r o l a n t h a n a t e s  t h e r e  i s  a 
p a u c i t y  o f  e x p e r i m e n t a l  d a t a  a v a i l a b l e ,  and a lmos t  no t h e r m a l  
s t u d i e s  have  been done .
4II. EXPERIMENTAL
A• S t a r t i n g  M a t e r i a l s ,
Reagen t  g r a d e  m e t ha n o l  ( F i s h e r  o r  f f l a l l i n c k r o d t ) uiaa 
p u r i f i e d  by d i s t i l l a t i o n  from magnesium a c t i v a t e d  wi th  
i o d i n e . 24  P r a c t i c a l  g r a d e  2 , 2 - d i m e t h o x y p r o p a n e  ( B a k e r )  and
1 , 2 - d i m e t h o x y e t h a n e  (Eas tman)  were u s e d  w i t h o u t  f u r t h e r  p u r i ­
f i c a t i o n .  Rare  e a r t h  m e t a l s  u sed  were n u c l e a r  g r a d e  ( 9 9 . 9 +  %)  
i n g o t s ,  m e t a l  s po n ge ,  o r  powde r s ,  and  were o b t a i n e d  from 
Lunex Co.*  A l l  o t h e r  c h e m i c a l s  u se d  were  r e a g e n t  g r a d e  and 
were u sed  w i t h o u t  f u r t h e r  p u r i f i c a t i o n !  t h e s e  i n c l u d e d i  40$ 
h y d r o f l u o r i c  a c i d  (Ba ke r  & Adamson),  b romine  ( F i s h e r ) ,  a c e t o -  
n i t r i l e  ( F i s h e r ) ,  an h y d ro u s  d i e t h y l  e t h e r  ( F i s h e r ) ,  a nh yd rou s  
e rb ium f l u o r i d e  ( 9 9 . 9 $ ,  Apache C h e m i c a l s * * ) ,  ammonium f l u o r ­
i d e  ( F i s h e r  o r  M a l l i n c k r o d t ) ,  ammonium b i f l u o r i d e  ( F i s h e r ) ,  
sc and ium o x i d e  (A.  D. Mackay) ,  and o t h e r  r a r e  e a r t h  o x i d e s  
( 9 9 , 9 $ ,  American Po t a sh  & Chemica l  C o r p . ) ,
B. B r o m ln a t i o n  o f  Erbium ln  V a r i o u s  S o l v e n t s .
Erbium m e t a l  was b r o m i n a t e d  i n  s e v e r a l  d i f f e r e n t  
s o l v e n t s  i n  o r d e r  t o  d e t e r m i n e  a g e n e r a l l y  s u i t a b l e  s o l v e n t  
f o r  l a n t h a n i d e  b r o m l n a t i o n  r e a c t i o n s .  T a b l e  I l i s t s  t h e  
q u a n t i t i e s  o f  r e a c t a n t s  u sed  f o r  t h e  r e a c t i o n s  and i n c l u d e s  
some o b s e r v a t i o n s .
The same g e n e r a l  p r o c e d u r e  was employed f o r  a l l  o f  
t h e  r e a c t i o n s .  The m e t a l  was su s pe nd e d  i n  50 -10 0  ml o f  s o l ­
v e n t  i n  a 100 -  o r  250-ml  r o u n d - b o t t o m e d  f l a s k .  T h i s  m i x t u r e
" P l e a s a n t  V a l l e y ,  I owa .  ** Ro c k fo rd ,  I l l i n o i s  61105 .
TABLE I
E x p e r i m e n t a l  C o n d i t i o n s  and O b s e r v a t i o n s
Q u a n t i t y  o f  Q u a n t i t y  o f
S o l v e n t  Erbium (mmol) Bromine ( mmol)
Iflethanol 5 . 9  1 7 ,6
Water  6 , 0  I S . 3
1 f2 - d i m e t h o x y -  6 . 3  1 9 .0
e t h a n e
2 , 2 - d i m e t h o x y -  1 3 ,8  3 6 , 6
p r op an e
A c e t o n i t r i l e  10 ,5  5 5 . 0
f o r  Erbium Bro m in a t i o n  R e a c t i o n s
C o l o r  o f  
Res idue
y e l l o w -
brouin
wh i t e
brown





Vigorous  r e a c t i o n  a t  0 ° ,  
Re f lux ed  1 . 5  h r .
No r e a c t i o n  a t  0 ° ,  h e a t e d  3 
a t  j u s t  below r e f l u x  t emp.
No r e a c t i o n  a t  0 ° ,  r e f l u x e d  
26 h r t i n c o m p l e t e  r e a c t i o n .
V igo rous  r e a c t i o n  a t  0 ° ,  r e  
f l u x e d  24 h r ,  I n c o m p l e t e  
r e a c t i o n .
No r e a c t i o n  a t  0 ° ,  h e a t e d  
14 h r  a t  j u s t  be low r e f l u x  
temp.
6was c o o l e d  i n  an i c e - w a t e r  b a t h  b e f o r e  a d d i t i o n  o f  a s o l u t i o n  
o f  t h e  s p e c i f i e d  amount  o f  b romine  i n  10 ml o f  t h e  s o l v e n t *
The b romine  s o l u t i o n  was added d r op wi se  w i t h  s t i r r i n g *  A f t e r  
a l l  o f  t h e  bromine  s o l u t i o n  had  been  added and  any i n i t i a l  
v i g o r o u s  r e a c t i o n  a t  0° had s u b s i d e d ,  t h e  r e a c t i o n  m i x t u r e  
was h e a t e d i  t o  r e f l u x  t e m p e r a t u r e  i f  t h e  r e a c t i o n  was p r o ­
c e e d i n g  s l o w l y  or  t o  j u s t  be low r e f l u x  t e m p e r a t u r e  i f  r e a c t i o n  
was p r o c e e d i n g  r e a d i l y .  In  a l l  c a s e s ,  a s m a l l  amount  o f  s o l i d  
r e s i d u e  which d i d  n o t  c o n t a i n  m e t a l  was l e f t *  For  t h e  s o l ­
v e n t s  1 , 2 - d i m e t h o x y s t h a n e  and 2 , 2 - d i m e t h o x y p r o p a n e ,  co m p l e t e  
r e a c t i o n  o f  t h e  m e t a l  was n o t  e f f e c t e d  f o r  t h e  c o n d i t i o n s  
shown i n  t h e  t a b l e t  a sm a l l  amount  o f  unchanged  m e t a l  was 
l e f t .
The b r o m l n a t i o n  r e a c t i o n  went  mos t  smoo th ly  and r a ­
p i d l y  In  t h e  s o l v e n t s  me thano l  and  w a t e r i  t h e r e f o r e ,  t h e  
p r o d u c t s  o f  t h e s e  r e a c t i o n s  were  i s o l a t e d  and i d e n t i f i e d *
1 ,  I s o l a t i o n  o f  ErBr^tACH^OH*
Erbium ( 0 . 9 8  g,  5 , 8 7  mmol) was a l l o w e d  t o  r e a c t  wi th  
bromine  (0*48  ml ,  1 7 . 6  mmol) i n  100 ml o f  me thano l  a c c o r d i n g  
t o  t h e  p r o c e d u r e  d e s c r i b e d  a b o v e .  The r e a c t i o n  m i x t u r e  was 
f i l t e r e d  t o  remove a sm a l l  amount  o f  y e l l ow -b ro wn  r e s i d u e .
To 50 ml o f  t h e  f i l t r a t e  was added  100 ml o f  2 , 2 - d i m e t h o x y -  
p r op an e t  t h i s  s o l u t i o n  was r e d u c e d  i n  volume t o  a b o u t  5 -10  ml 
on a r o t a r y  e v a p o r a t o r *  Two l i q u i d  p h a s e s  s e p a r a t e d !  a v i s ­
cous  d a rk  r ed -b ro wn  l a y e r  and a l e s s  v i s c o u s  p a l e  y e l l o w -  
brown l a y e r .  C r y s t a l s ,  t a n - p i n k  i n  c o l o r ,  s e p a r a t e d  from t h e  
s o l u t i o n *  The h y g r o s c o p i c  s o l i d  p r o d u c t  was d r i e d  o v e r
7s i l i c a  g e l .
A n a l . C a l c d  f o r  ErBrj 'ACHjOH* Br ,  4 4 , 8 0 |  E r ,  3 1 . 2 5 .  
Founds Br ,  4 5 , 0 9 t  E r ,  3 3 . 8 .
2 .  I s o l a t i o n  o f  E rB r 3 »6H2P •
Erbium m e t a l  ( 0 . 6 1  g ,  3 . 6 5  mmol) was a l l o w e d  t o  r e a c t  
w i th  0 . 3 0  ml (11 mmol) o f  b romine  i n  w a t e r .  The b r o m l n a t i o n  
r e a c t i o n  was c a r r i e d  ou t  a s  d e s c r i b e d  a bo ve .  A sma l l  amount  
o f  a w h i t e  r e s i d u e  was removed by f i l t r a t i o n .  The p a l e  p ink  
f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s  a t  5 0 ° ,  l e a v i n g  t h e  h y g r o ­
s c o p i c  p i n k  s o l i d ,  ErBr>j*6H2 0 .
A n a l . C a l c d  f o r  E rB r 3 *6H20i  Br ,  4 6 , 5 4 .  Founds Br,
4 6 . 1 1 .
C , P r e l i m i n a r y  I n v e s t i g a t i o n  o f  t h e  R e a c t i o n  o f  W e t h an o l l c  
L a n t h a n i d e  Bromide S o l u t i o n s  w i t h  Ammonia.
L a n t h a n i d e  bromide  s o l u t i o n s  o f  e rb i um ,  samar ium,  and 
l an thanum were p r e p a r e d  by b r o m l n a t i o n  o f  t h e  m e t a l s  i n  me­
t h a n o l ,  a s  d e s c r i b e d  p r e v i o u s l y .  Ammonia ga s  was b u b b l e d  
t h r o u g h  t h e  m e t a l  b romide  s o l u t i o n s ,  r e s u l t i n g  i n  f o r m a t i o n  
o f  w h i t e  p r e c i p i t a t e s  from t h e  samar ium and l an thanum s o l u ­
t i o n s  and  a p i nk  p r e c i p i t a t e  f rom t h e  e rb ium s o l u t i o n .  Ulhen 
p r e c i p i t a t i o n  was c o m p l e t e ,  t h e  s o l i d  p r o d u c t s  were c o l l e c t e d  
by f i l t r a t i o n ,  washed wi th  a d i l u t e  s o l u t i o n  o f  ammonia i n  
me tha no l  and t h e n  m e t h a n o l ,  and d r i e d  ov e r  s i l i c a  g e l .
I n  t h e  c a s e  o f  samar ium and  l an th an um ,  t h e  w h i t e  
p r o d u c t s  o r i g i n a l l y  p r e c i p i t a t e d  changed  c o l o r  upon d r y i n g  
t o  c h a r t r e u s e  and  y e l l o w ,  r e s p e c t i v e l y .  However ,  i f  t h e
Bp r o d u c t  were r e c o v e r e d  by e v a p o r a t i o n  t o  d r y n e s s ,  t h e  c o l o r a ­
t i o n  change  d i d  no t  o c c u r .
A n a l y t i c a l  r e s u l t s ,  a l t h o u g h  i n c o m p l e t e ,  s u g g e s t  t h e  
c o m p o s i t i o n  SmBr3 *NH3 f o r  t h e  samar ium compound c o l l e c t e d  by 
f i l t r a t i o n  and utashed w i t h  ammonia /me thano l  and  m e t h a n o l ,
Ca l cd  f o r  SmBr3 »NH3 i N, 3,44%j fo u nd i  3 , 0 1 ,  The p r o d u c t  ob­
t a i n e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t  had a h i g h e r  n i t r o g e n  
c o n t e n t  (7 , 63%)  which f a l l s  be tween t h e  c a l c u l a t e d  %N v a l u e s  
f o r  t h e  d i -  and t r i a m m i n e  ( 6 , 6 0  and  9 , 5 2 ,  r e s p e c t i v e l y ) .
N i t r o g e n  a n a l y s e s  on t h e  l an thanum and e rb ium p r o ­
d u c t s  r e c o v e r e d  by f i l t r a t i o n  gav e  r e s u l t s  o f  5 , 8 0  f o r  l a n ­
thanum ( c a l c d  f o r  LaBr3 «NH3 = 3 , 5 4 ,  f o r  LaBr3 »2NH3 = 7 . 0 8 )  
and 2 , 2 6  f o r  e rb ium ( c a l c d  f o r  E r B r 3 *NH3 * 3 . 3 0 ) ,
D, P r e p a r a t i o n  o f  t h e  Compounds (NHA)9Ln^F ^y *H?0.
1 ,  Pre par a t i on  of  (NhU ) ?Er»sFi •
G r a n u l a r  e rb ium m e t a l  ( 1 . 0 1  g ,  6 , 0 1  mmol) was p l a c e d  
i n  a 250-ml  r o u n d - b o t t o m e d  f l a s k j  t o  t h i s  was added 90 ml of  
d ry  m e t h a n o l .  Bromine ( 0 . 5  ml,  1 8 , 3  mmol) was p i p e t t e d  i n t o  
an  a d d i t i o n  f u n n e l  c o n t a i n i n g  10 ml o f  dry  m e t h a n o l .  The 
b r o m in e - m e t h a n o l  s o l u t i o n  was ad ded  d r opwi se  w i t h  s t i r r i n g ,  
a t  room t e m p e r a t u r e ,  t o  t h e  e rb i u m - m e t h a n o l  m i x t u r e .  A f t e r  
a l l  o f  t h e  b romine  s o l u t i o n  had been  added ,  t h e  r e a c t i o n  mix­
t u r e  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  5 h r  and t h e n  
s t i r r e d  a t  room t e m p e r a t u r e  o v e r n i g h t .
The r e a c t i o n  m i x t u r e  was f i l t e r e d  t o  remove a sm a l l  
amount  o f  brown r e s i d u e .  The y e l l o w  f i l t r a t e  was ad ded  d r o p -  
w i s e ,  w i t h  s t i r r i n g  and h e a t i n g ,  t o  120 ml o f  a s a t u r a t e d
9s o l u t i o n  of  NH4F (60  mmol) i n  dry m e t h a n o l .  A f i n e l y  d i v i d e d ,  
g e l a t i n o u s  p i nk  p r e c i p i t a t e  formed i m m e d i a t e l y .  The r e a c t i o n  
m i x t u r e  was s t i r r e d  a t  30° o v e r n i g h t .  The p ink  p r o d u c t  was 
c o l l e c t e d  by f i l t r a t i o n  t h ro ug h  a f i n e  s i n t e r e d  g l a s s  c r u ­
c i b l e s  i t  was washed r e p e a t e d l y  w i t h  sm a l l  p o r t i o n s  o f  meth­
an o l  and d r i e d  ov e r  s i l i c a  g e l .
A n a l . Ca lcd  f o r  (NH4 ) 2E r 3Fn  .H20* N, 3,66* H, 1 . 32s  
E r ,  65 ,60s  F,  2 7 , 3 2 ,  Foundi  N, 3 . 61s  H, 1 . 30s  E r ,  65 .06s  
F,  2 7 . 4 7 .
Ten ml of  a s i m i l a r l y  p r e p a r e d  s o l u t i o n  of  E rB r 3 
( 1 , 0  mmol) i n  me thano l  was a l l o we d  t o  r e a c t  wi th  50 ml o f  a 
0 , 2  N s o l u t i o n  o f  NH4 HF2 ( 1 0 , 0  mmol) i n  m e t h a n o l .  The p r o ­
duc t  was c o l l e c t e d  and d r i e d  a s  a bo ve .  The i d e n t i t y  o f  t h e  
p r o d u c t  a s  (NH4 ) 2E r 3F n « H 20 was c on f i r m ed  by X - r a y .
2 .  P r e p a r a t i o n  o f  j M 4 l 2 l 3 t l  1— 2— •
Y t t r i u m  m e t a l  sponge ( 3 . 0 1  g ,  33 .8 6  mmol) was s u s ­
pended i n  150 ml o f  dry methano l s  bromine ( 4 , 0  ml,  146 ,6  mmol) 
d i s s o l v e d  i n  a sma l l  amount  o f  d ry  me thano l  was added d ropwi se  
w i th  s t i r r i n g  and g e n t l e  h e a t i n g .  A f t e r  a l l  o f  t h e  bromine 
had been added ,  t h e  r e a c t i o n  m i x t u r e  was h e a t e d  a t  r e f l u x  
t e m p e r a t u r e  f o r  3 h r .  A f t e r  c o o l i n g ,  a  sm a l l  amount  o f  ye l l o w  
r e s i d u e  was removed by f i l t r a t i o n .
The f i l t r a t e  was added  d ropwi se  w i th  s t i r r i n g  and 
h e a t i n g  t o  500 ml o f  a s a t u r a t e d  s o l u t i o n  of  NH4F (250  mmol) 
i n  dry  m e t h a n o l .  A f t e r  a d d i t i o n  of  a l l  o f  t h e  me t a l  bromide 
s o l u t i o n ,  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  and h e a t e d  g e n t l y  
f o r  £ a ,  1 h r j  t h e  whi te  p r e c i p i t a t e  was a l l o w e d  t o  s e t t l e  and
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t h e  s u p e r n a t a n t  was d e c a n t e d .  The g e l a t i n o u s  p r e c i p i t a t e  was 
d i g e s t e d  i n  0 ,1  M NH^F i n  me thanol  a t  50°  f o r  2 d a y s .  I t  uias 
t h en  c o l l e c t e d  by f i l t r a t i o n ,  washed s e v e r a l  t im e s  w i th  e t h e r ,  
and d r i e d  i n  a d ry i n g  p i s t o l  u s i n g  P2O5 and a c e t o n e  (bp 5 6 , 1 ° ) ,
Ana l ,  Ca lcd  f o r  N, 5 , 2 9 |  H, 1 , 9 0 |
F,  3 9 ,4 5 ,  Foundi  N, 5 ,34* H, l .BOj  F,  3 9 , 1 6 ,
3,  P r e p a r a t i o n  o f  (NH^ o D y ^ F ^ ^ •
Powdered dysp ros ium m e t a l  ( 2 , 0 0  g ,  12,31 mmol) was 
su spended  i n  100 ml o f  dry m e t h a n o l .  Bromine ( 1 , 0  ml ,  36 ,6  
mmol) was added d ropwi se  wi th  s t i r r i n g  a t  room t e m p e r a t u r e .
The r e a c t i o n  m ix t u r e  was h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  2 
h r  and t h e n  was a l l o w e d  t o  coo l  t o  room t e m p e r a t u r e  and was 
s t i r r e d  f o r  an a d d i t i o n a l  3 , 5  h r .  The m i x t u r e  was f i l t e r e d  
t o  remove a ye l l ow-b rown  r e s i d u e .  The f i l t r a t e  was added 
wi th  s t i r r i n g  t o  246 ml o f  a s a t u r a t e d  s o l u t i o n  o f  NH4 F (123 
mmol) i n  d ry  m e t h a n o l .  A wh i t e  p r e c i p i t a t e  formed i m m e d i a t e l y .  
The r e a c t i o n  m ix tu r e  was s t i r r e d  o v e r n i g h t  a t  room t e m p e r a t u r e .  
I t  was t h e n  f i l t e r e d  and t he  g e l a t i n o u s  p r e c i p i t a t e  was washed 
w i t h  m e t h a n o l ,  t h e n  e t h e r ,  and d r i e d  o v e r  IV}g( CIO^) 2 • 
d r i e d  p r o d u c t  was g rou nd  t h o r o u g h l y  i n  m e t h a n o l ,  f i l t e r e d ,  
washed w i th  e t h e r ,  and  d r i e d  f i r s t  ove r  1*19( 0 1 0 4 )2  and t hen  
under  vacuum.
A n a l . Ca lcd  f o r  (NH4 ) 2Dy3F j ^ N ,  3 . 7 3 j  H, 1 . 3 4 |
Oy, 6 4 , 9 5 ,  Foundi N, 4,71» H, 1.86* Oy, 6 5 , 0 0 ,
4 ,  P r e p a r a t i o n  o f  J H 4I 2— 3 l l  1- 2-  *
Holmium ( 1 , 1 7  g ,  7 , 09  mmol) was suspended  i n  100 ml
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o f  me thano l )  b romine  ( 0 . 6  ml ,  2 2 . 0  mmol) was added d ropwi se  
wi th  s t i r r i n g  a t  room t e m p e r a t u r e .  The m i x t u r e  uias h e a t e d  
g e n t l y  f o r  3 h r ,  t hen  a t  r e f l u x  t e m p e r a t u r e  f o r  2 h r .  The 
m i x t u r e  was c o o l e d ,  and an a d d i t i o n a l  0 . 4  ml o f  bromine was 
added ( t o t a l  amount  Br2 added b 36 ,6  mmol) .  The m ix t u r e  was 
h e a t e d  a t  r e f l u x  t e m p e r a t u r e  f o r  0 . 5  h r ,  t h e n  s t i r r e d  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The m i x t u r e  was f i l t e r e d  t o  remove a 
sma l l  amount o f  ye l l ow  r e s i d u e .  The f i l t r a t e  was added ,  w i t h  
s t i r r i n g ;  t o  142 ml o f  a s a t u r a t e d  s o l u t i o n  o f  NH4F (7 0 . 9  
mmol) i n  m e t h a n o l ,  A p e a c h - c o l o r e d  p r e c i p i t a t e  formed im­
m e d i a t e l y ,  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m p e r a ­
t u r e  o v e r n i g h t ,  t h en  was f i l t e r e d .  The g e l a t i n o u s  p r e c i p i ­
t a t e  c o l l e c t e d  was washed w i th  m e t h an o l ,  t hen  e t h e r ,  and d r i e d  
over  Mg(C10 4 ) 2 » The d r i e d  p r o d u c t  was ground  t h o r o u g h l y  i n  
me t han o l ,  f i l t e r e d ,  a g a i n  washed wi th  e t h e r ,  and d r i e d  f i r s t  
ove r  flg(C104 ) 2 and t h e n  unde r  vacuum.
A n a l . Ca lcd  f o r  (NH^Jj Ho-jF ^  'HgOt N, 3 , 7 0 ;  H, 1 . 3 3 )  
Ho, 6 5 . 2 9 .  Foundt  N, 4 . 76 )  H, 1 , 6 3 |  Ho, 6 4 . 6 .
\
E , P r e p a r a t i o n  o f  t h e  Compounds 
1 .  P r e p a r a t i o n  o f
G r a n u l a r  erbium me t a l  ( 0 , 4 5  g ,  2 . 6 9  mmol) was p l a c e d  
i n  a 30 -n l  b e a k e r ,  A sm a l l  amount  o f  concd  n i t r i c  a c i d  was 
added t o  d i s s o l v e  t h e  me ta l  and form t h e  n i t r a t e .  The s o l u ­
t i o n  was e v a p o r a t e d  t o  d r y n e s s )  a few ml o f  w a t e r  were added 
and t h e  e v a p o r a t i o n  was r e p e a t e d .
The p r o d u c t  n i t r a t e  was d i s s o l v e d  i n  5 ml o f  w a t e r .
To t h i s  s o l u t i o n  was added  15 ml o f  a 30$ (w/v )  aqueous  NH4F
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s o l u t i o n ,  A p i nk  p r e c i p i t a t e  fo rmed i m m e d i a t e l y .  The r e a c ­
t i o n  m i x t u r e  uias s t i r r e d ,  t h e n  a l l o w e d  t o  s t a n d  a t  room tem­
p e r a t u r e  o v e r n i g h t .  The r e a c t i o n  m i x t u r e  was f i l t e r e d }  t h e  
g e l a t i n o u s  p ink  p r e c i p i t a t e  c o l l e c t e d  was washed w i t h  me thano l  
and t h e n  e t h e r  and  d r i e d  ove r  s i l i c a  g e l .
A n a l . C a l c d  f o r  ( N H ^ J j E ^ F g 'h ^ O i  N, 7 , 2 7 j  H, 2,44*
E r ,  5 7 . 9 1 .  Foundi  N, 6 . 72}  H, 1 . 82}  E r ,  5 0 . 8 8 .
2 . P r e p a r a t i o n  o f  (NH^ )^5mg F g *1^0•
Samarium m e t a l  c a s t  ( 0 , 3 6  g ,  2 . 3 9  mmol) was p l a c e d  
i n  a 30-ml beake r}  concd  n i t r i c  a c i d  was added  and t h e  s o l u ­
t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  A few ml o f  w a t e r  were added 
and  t h e  e v a p o r a t i o n  was r e p e a t e d .  The p r o d u c t  was d i s s o l v e d  
i n  5 ml o f  w a t e r i  t o  t h i s  s o l u t i o n  was added  15 ml o f  a 30% 
(w/v )  aqueous  NH^F s o l u t i o n .  An o f f - w h i t e  p r e c i p i t a t e  formed 
i m m e d i a t e l y .  The r e a c t i o n  m i x t u r e  was s t i r r e d ,  t h e n  a l l o w e d  
t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t .  The g e l a t i n o u s  p r e ­
c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  m e t h a n o l ,  
t h e n  w i th  e t h e r ,  and d r i e d  ove r  s i l i c a  g e l .
Ana l ,  C a l c d  f o r  (NH^JjSmgFg'h^Oi  N, 7 ,73* H, 2 ,60*
Sm, 55 ,29}  F,  3 1 , 4 4 .  Foundi  N, 7 . 62}  H, 2 . 59}  Sm, 55 ,72}
F, 3 1 . 1 2 .
(NH4 ) 3Sm2 Fg*H20  was a l s o  p r e p a r e d  i n  me thano l  s o l u ­
t i o n ,  Samarium was b r o m i n a t e d  a s  d e s c r i b e d  i n  t h e  g e n e r a l  
p r o c e d u r e  on p 4 t o  g i v e  a  0 , 1  W s o l u t i o n .  A d d i t i o n  o f  10 ml 
o f  t h i s  s o l u t i o n  ( 1 . 0  mmol SmBr^) t o  50 ml o f  a  0 , 2  W s o l u ­
t i o n  o f  NH4HF2 i n  m e th ano l  y i e l d e d  t h e  p r o d u c t ,  which was 
c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  m e t h a n o l ,  and d r i e d  ove r
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01g(C10 4 ) 2 * The i d e n t i t y  o f  t h e  p r o d u c t  ae  (NH4 ) 3Sm2Fg * ^ 0  was 
c o n f i r m e d  by X-r ay  and n i t r o g e n  a n a l y s i s  ($N found  * 7 , 5 5 ) ,
3 ,  P r e p a r a t i o n  o f  (NH^ g V o f g ’^ O *
Yt t r i um  m e t a l  sponge  ( 0 , 2 7  g,  3 , 0 4  mmol) was p l a c e d  
i n  a  30-ml  b e a k e r .  Coned n i t r i c  a c i d  utas added t o  d i s s o l v e  
t h e  m e t a l ,  and t h e  s o l u t i o n  was e v a p o r a t e d  t o  d r y n e s s ,  A 
sm a l l  amount  o f  w a t e r  was ad ded  t o  r e d i s s o l v e  thB p r o d u c t ,  
and t h e  s o l u t i o n  was a g a i n  e v a p o r a t e d  t o  d r y n e s s .  The p r o ­
duc t  was d i s s o l v e d  i n  5 ml o f  w a t e r )  t o  t h i s  s o l u t i o n  was 
added 15 ml o f  a 30% (w/v )  aq ueous  NH4F s o l u t i o n ,  A wh i t e  
p r e c i p i t a t e  f ormed i m m e d i a t e l y .  The r e a c t i o n  m i x t u r e  was 
s t i r r e d ,  t h e n  a l l o w e d  t o  s t a n d  a t  room t e m p e r a t u r e  o v e r n i g h t .  
The g e l a t i n o u s  p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  
washed wi th  m e t h a n o l ,  t h e n  w i th  e t h e r ,  and d r i e d  ove r  s i l i c a  
g e l ,
A n a l . Ca l cd  f o r  (NH4 ) 3 Y2Fg *H2 0i  N, 9 , 9 8 |  H, 3 .35*
F, 4 0 , 6 2 ,  Foundi  N, 9 ,75* H, 2 , 9 5 |  F,  4 0 , 9 2 .
4 ,  P r e p a r a t i o n  o f  (NH^ ^ P r g F g ^ gO,
Praseodymium m e t a l ,  s t o r e d  u n d e r  o i l ,  was washed w i t h
CCI4 and a c e t o n e  t o  remove t h e  o i l *  3 , 6 5  g ( 2 5 , 9 2  mmol) o f
t h e  m e t a l  was p l a c e d  i n  a 50-ml  b e a k e r .  Enough concd  n i t r i c  
a c i d  was added  t o  d i s s o l v e  t h e  m e t a l .  The s o l u t i o n  was e v a ­
p o r a t e d  t o  d r y n es s*  a few ml o f  w a t e r  were added  and t h e  
e v a p o r a t i o n  was r e p e a t e d .  The m e t a l  n i t r a t e  was d i s s o l v e d ,  
w i t h  h e a t i n g ,  i n  55 ml o f  wa t e r*  25 ml o f  t h e  s o l u t i o n  ( 1 1 , 7 6  
mmol P r )  was a l l o w e d  t o  r e a c t  w i th  74 ml o f  a  30$ aqueous
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NH4F s o l u t i o n .  A c u rd y  g r e e n  p r e c i p i t a t e  formed i m m e d i a t e l y .  
The r e a c t i o n  m i x t u r e  was s t i r r e d  o v e r n i g h t  a t  room t e m p e r a ­
t u r e .  The g e l a t i n o u s  p r e c i p i t a t e  was a l l o w e d  t o  s e t t l e ,  t h en  
uias c o l l e c t e d  by f i l t r a t i o n ,  washed wi th  m e t h an o l  f o l l o w e d  
by a wash ing  w i th  e t h e r ,  and d r i e d  ove r  s i l i c a  g e l .  The p r o ­
duc t  was d i g e s t e d  i n  a 0 . 1  N s o l u t i o n  o f  NH4F i n  me th ano l  
a t  50°  o v e r n i g h t ,  f i l t e r e d ,  washed wi th  m e t h a n o l ,  w i t h  co ­
p i o us  amount s  o f  e t h e r ,  and d r i e d  ov e r  fflg(C104 )2* To r e ­
move NH4F c o n t a m i n a n t ,  t h e  p r o d u c t  was s ha k en  f o r  1 , 5  h r  w i th  
20 ml o f  m e t h a n o l i  t h i s  m i x t u r e  was a l l o w e d  t o  s t a n d  o v e r n i g h t ,  
t hen  t h e  p r e c i p i t a t e  was a g a i n  c o l l e c t e d  by f i l t r a t i o n ,  washed 
wi th  me tha no l  and e t h e r ,  and d r i e d  ove r  Mg(C1 0 4 ) 2 *
A n a l . C a l c d  f o r  ( N H ^ j P ^ F g ' ^ O i  N, 8,00* H, 2 . 6 9 j
F,  3 2 . 5 7 .  Foundi  N, 8.17» H, 2 . 1 3 |  F, 3 2 , 9 8 .
5 .  P r e p a r a t i o n  o f  (NH^)^LagF^ »HgO.
Lanthanum n i t r a t e  h y d r a t e ,  2 . 42  g ,  was p r e p a r e d  i n  an 
i d e n t i c a l  manner t o  t h e  p r e p a r a t i o n  d e s c r i b e d  above f o r  p r a ­
seodymium.  T h i s  p r o d u c t  was d i s s o l v e d  i n  20 ml o f  w a t e r  and 
t o  t h i s  s o l u t i o n  was added  4 6 ,7  ml o f  a 30% aqueous  NH4F s o ­
l u t i o n .  A wh i t e  p r e c i p i t a t e  fo rmed i m m e d i a t e l y .  The r e a c t i o n  
m i x t u r e  was s t i r r e d ,  t h en  a l l o w e d  t o  s t a n d  o v e r n i g h t  a t  room 
t e m p e r a t u r e .  The g e l a t i n o u s  p r e c i p i t a t e  was c o l l e c t e d  by 
f i l t r a t i o n ,  washed w i t h  me thano l  and t h e n  e t h e r ,  and  d r i e d  
ove r  Wg(C1 04 ) 2 «
A n a l . C a l c d  f o r  (NH4 ) 3L a2Fg»H20i  N, 8.07* H, 2.71*
F, 3 2 . 8 2 .  Foundi  N, 8 . 0 9 |  H, 2 . 36*  F, 3 3 , 0 .
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F . P r e p a r a t i o n  o f  t h e  Compounds NH^LnF^ •
1 • P r e p a r a t i o n  of  NH^ErF^ from E r F ^ x H gO,
ErF3 »xH20 (x * 0 , 5  t o  1) uias p r e p a r e d  a9 d e s c r i b e d  
i n  t h e  l i t e r a t u r e , 2 5 | 2 6  Erbium m e t a l  ( 0 , 8  g ,  4 , 8  mmol) was 
d i s s o l v e d  i n  a minimum amount  o f  concd h y d r o c h l o r i c  a c i d i  t h e  
s o l u t i o n  uias e v a p o r a t e d  t o  d r y n e s s .  The s o l i d  uias d i s s o l v e d  
i n  0 . 1  N h y d r o c h l o r i c  a c i d  and d i l u t e d  t o  100 ml w i th  w a t e r .  
The s o l u t i o n  was h e a t e d  t o  nea r  b o i l i n g  and t r a n s f e r r e d  t o  a 
p o l y e t h y l e n e  b e a k e r .  To t h i s  s o l u t i o n  was added 100 ml of  
48$ h y d r o f l u o r i c  a c id*  The m i x t u r e  was a l l o w e d  t o  s t a n d  f o r  
3 h r .  The p i n k  p r o d u c t  was c o l l e c t e d  by f i l t r a t i o n ,  washed 
w i t h  2$ ( v / v )  h y d r o f l u o r i c  a c i d ,  and d r i e d  un d e r  vacuum,
A 1 . 0 2 - g  sample o f  t h e  e rb ium f l u o r i d e  h y d r a t e  was 
a l l o w e d  t o  r e a c t  wi th 100 ml of  a 20$ (ui/v) aqueous  NH4F 
s o l u t i o n .  The r e a c t i o n  m ix t u r e  was s t i r r e d  v i g o r o u s l y  a t  
room t e m p e r a t u r e  o v e r n i g h t .  The p in k  p r o d u c t  was c o l l e c t e d  
by f i l t r a t i o n ,  washed w i t h  m e t h a n o l ,  and d r i e d  over  C10 ^ ) 2 * 
A n a l . Ca lcd  f o r  NH4ErF4 t N, S , 3 6 1 H, 1 . 5 4 |  E r ,  6 4 ,0 1 |  
F,  2 9 .0 8 ,  Found* N, 4 ,94»  H, 1 . 3 7 |  E r ,  63 ,66»  F, 2 9 . 3 0 ,
2 ,  P r e p a r a t i o n  of  NH^GdF  ^ from GdF-^xHgQ,
GdF3*xH20 (x ■ 0 , 5  t o  1) was p r e p a r e d  a s  d e s c r i b e d  
i n  t h e  l i t e r a t u r e , G a d o l i n i u m  meta l  ( 0 , 5  g ,  3 , 2  mmol) 
was d i s s o l v e d  i n  a minimum amount o f  concd h y d r o c h l o r i c  a c i d .  
The s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s ,  t hen  d i l u t e d  t o  
100 ml wi th  w a t e r .  The s o l u t i o n  was h e a t e d  t o  ne a r  b o i l i n g ,  
t h e n  t r a n s f e r r e d  t o  a p o l y e t h y l e n e  b e a k e r .  To t h i s  h o t  met a l  
c h l o r i d e  s o l u t i o n  was s l o w l y  added 100 ml o f  48$ h y d r o f l u o r i c
16
a c i d ,  and t h e  m i x t u r e  uias a l l o w e d  t o  s t a n d  o v e r n i g h t s  The 
wh i t e  p r o d u c t  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  s e ­
v e r a l  p o r t i o n s  o f  2% ( v / v )  h y d r o f l u o r i c  a c i d ,  and d r i e d  ove r  
mg(C104 ) 2 .
The G d F g 'x ^ O  ( 0 , 6 3  g)  p r e p a r e d  i n  t h i s  manner  was 
a l l o w e d  t o  r e a c t  wi th  a s o l u t i o n  o f  20 g o f  NH^F i n  80 ml o f  
w a t e r .  The m i x t u r e  was s t i r r e d  v i g o r o u s l y  a t  room t e m p e r a ­
t u r e  o v e r n i g h t .  I t  was t h e n  f i l t e r e d ,  and t h e  w h i t e  c r y s t a l ­
l i n e  s o l i d  c o l l e c t e d  was washed w i th  me thano l  and t h en  w i th  
e t h e r .  The p r o d u c t  was d r i e d  ove r  Mg(C104 )2 .
A n a l . Ca lcd  f o r  NH^GdF^i N, 5 . 5 7 j H, 1 . 6 0 |  Gd, 6 2 , 5 0 .  
Foundi  N, 5 , 6 0 |  H, 1,74* Gd, 6 2 , 3 2 ,
3• P r e p a r a t i o n  o f  NH^GdFji from GdoO’s .
GdjOj ( 0 , 1 0  g ,  0 . 2 6  mmol) was d i s s o l v e d  i n  concd n i ­
t r i c  a c i d .  The s o l u t i o n  was e v a p o r a t e d  t o  n e a r  d r y n e s s .  Water  
(5 ml)  was added  t o  r e d i s s o l v e  t h e  s o l i d ,  and t h e  e v a p o r a t i o n  
was r e p e a t e d .  The g a do l i n i u m  n i t r a t e  was a g a i n  d i s s o l v e d  i n  
5 ml o f  w a t e r  and was t r a n s f e r r e d  t o  a 50-ml E r l e nm ey e r  f l a s k  
u s i n g  a n o t h e r  5 ml o f  w a t e r .  To t h i s  s o l u t i o n  was added a . 
s o l u t i o n  p r e p a r e d  by d i s s o l v i n g  4 , 1  g NH^F i n  9 , 6  ml w a t e r ,
A w h i t e  p r e c i p i t a t e  formed i m m e d i a t e l y .  The r e a c t i o n  m i x t u r e  
was a l l o w e d  t o  s t a n d  f o r  2 da y s .  I t  was t h e n  f i l t e r e d  and a 
f i n e l y  d i v i d e d  wh i t e  p r e c i p i t a t e  was c o l l e c t e d .  The p r e c i p i ­
t a t e  was washed wi th  methano l  and d r i e d  ove r  s i l i c a  g e l .
A n a l . Ca lcd  f o r  NH4GdF4 i N, 5 ,57* H, 1 . 6 0 j  Gd, 6 2 , 5 0 ,  
Foundi  N, 5 ,42* H, 1 . 7 0 |  Gd, 6 2 , 4 6 ,
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4. Preparation of NH^ScF^ from (NH^^ScFg.
(NH4 ) 3ScF6 was p r e p a r e d  from Sc203 a c c o r d i n g  t o  t h e
19p ro c e d u r e  o f  Ivanov-Emin e t  a l ^  Sc 2^3  was c o n v e r t e d  t o  t h e  
n i t r a t e  w i th  n i t r i c  a c i d .  An aqueous  s o l u t i o n  o f  t h e  n i t r a t e  
was a l l o we d  t o  r e a c t  wi th  a 30# (w/v)  aqueous  NH^f s o l u t i o n  
t o  y i e l d  wh i t e  (NH4 ) 35cFg.
A n a l . Ca lcd  f o r  (NH4 )3ScFg» N, 1 9 . 7 2 ;  H, 5 , 6 6 ;  F,
5 3 . 5 0 .  f ou nd t  N, 19*80} H, 5 .66}  F,  52*69*
NH4ScF4 was prepared*® by d i s s o l v i n g  t h e  (NH4 ) 3ScFg 
i n  wa t e r  and s t i r r i n g  t h e  s o l u t i o n  a t  room t e m p e r a t u r e  f o r  
3 da y s ,  d u r i n g  which t ime  wh i t e  NH4ScF4 c r y s t a l l i z e d  ou t  o f  
s o l u t i o n .
A n a l . Ca lcd  f o r  NH4ScF4 j N, 10 ,0 8 ;  H, 2 , 9 0 ,  Foundi  
N, 9 . 6 8 ;  H, 2 . 8 1 .
Both p r o d u c t s  were f u r t h e r  c on f i r m ed  by compar i son  
of  t h e i r  X-ray powder p a t t e r n s  w i th  t h o s e  r e p o r t e d  i n  t h e  
l i t e r a t u r e . * ®
5, Preparation of NH^YF^ from YF3 *xHoO.
YF3* xH2°  * 0 ,5  t o  *^ “ a s  Pr e Pa r s d  a s  d e s c r i b e d  i n
25 26t h e  l i t e r a t u r e .  * Y t t r i um m e t a l  ( 0 . 5 0  g ,  5 , 6  mmol) was 
d i s s o l v e d  i n  a minimum amount o f  concd h y d r o c h l o r i c  a c i d .
The s o l u t i o n  was e v a p o r a t e d  n e a r l y  t o  d r y n e s s ,  t hen  d i l u t e d  
t o  100 ml w i th  w a t e r .  The d i l u t e  s o l u t i o n  was h e a t e d  t o  n e a r  
b o i l i n g ,  t h en  t r a n s f e r r e d  t o  a p o l y e t h y l e n e  be ak e r  p r i o r  t o  
a d d i t i o n  o f  100 ml o f  48# h y d r o f l u o r i c  a c i d .  The m i x t u r e  was 
a l l o w e d  t o  s t a n d  o v e r n i g h t ;  i t  was f i l t e r e d  and t h e  whi te  
p r e c i p i t a t e  was washed wi th  2% ( v / v )  h y d r o f l u o r i c  a c i d
10
s o l u t i o n  and d r i e d  a t  120° ,
The y t t r i u m  f l u o r i d e  h y d r a t e  ( 0 . 5 7  g )  was a l l o w e d  t o  
r e a c t  w i th  a s o l u t i o n  p r e p a r e d  by d i s s o l v i n g  20 g o f  NH^f i n  
SD ml o f  w a t e r .  The m i x t u r e  was s t i r r e d  v i g o r o u s l y  a t  room 
t e m p e r a t u r e  o v e r n i g h t .  The r e a c t i o n  m i x t u r e  was f i l t e r e d ;  
t h e  w h i t e  p r e c i p i t a t e  c o l l e c t e d  was washed w i t h  m e t h an o l  and 
t h e n  w i th  e t h e r  and  d r i e d  un d e r  vacuum.
A n a l . Ca l cd  f o r  NH4YF4 i N, 7 . 6 6 ;  H, 2 , 2 0 ;  F,  4 1 . 5 4 .  
Foundt  N, 8 , 1 0 ;  H, 2 . 6 4 ;  F,  4 1 , 0 1 .
G, S tudy  o f  t h e  System NH^F-ErF^ -HpO a t  2 5 ° ,
Of t h e  methods  employed i n  s t u d y i n g  t h r ee - c o m p on B n t
27 28s y s t e m s ,  t h e  mos t  a c c u r a t e  i s  t h e  s y n t h e t i c  complex me th od .  *
I f  a s t r a i g h t  l i n e  i s  drawn from t h e  c o m p o s i t i o n  o f  t h e  l i q u i d  
p h a s e ,  o b t a i n e d  by d i r e c t  a n a l y s i s ,  t h r o u g h  a p o i n t  r e p r e ­
s e n t i n g  t h e  s y n t h e t i c  c o m p o s i t i o n  o f  t h e  whole  s y s t e m ,  t h i s  
l i n e  must  p a s s  t h r o u g h  t h e  c o m p o s i t i o n  o f  t h e  pu re  s o l i d  p h a s e .  
I f  s e v e r a l  o f  t h e s e  t i B - l i n e s  i n t e r s e c t ,  t h e  c o m p o s i t i o n  o f  
t h e  s o l i d  becomes known.  The s y n t h e t i c  c o m p o s i t i o n  p o i n t  i s  
d e t e r m i n e d  by u se  o f  a s i m p le  p r o p o r t i o n  be tween  t h e  d i f f e r ­
e n c e s  i n  t h e  amount s  o f  t h e  same two componen ts  a t  one  o f  
t h o s e  p o i n t s  and a t  t h e  c o m p o s i t i o n  o f  t h e  s o l i d  p h a s e .  Thus 
t h e  s y n t h e t i c  c o m p o s i t i o n  p o i n t  r e p r e s e n t s  t h e  c o m p o s i t i o n  of  
t h e  anhy d ro us  s o l i d  p h a s e .
The complexes  u s e d  f o r  t h e  t e r n a r y  sy s t em were  made 
up f rom weighed  amount s  o f  ammonium f l u o r i d e ,  a nh y d r ou s  e r ­
bium f l u o r i d e ,  and w a t e r .  These  s a m p l e s ,  o f  a t o t a l  we igh t  
o f  a p p r o x i m a t e l y  10 g ,  were p l a c e d  i n  s m a l l  p o l y e t h y l e n e
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b o t t l e s .  The s a m p le s  were shaken  f o r  a minimum o f  12 h r ,  
t h e n  immersed i n  a c o n s t a n t - t e m p e r a t u r e  b a t h  a t  25°  f o r  a 
minimum o f  6 h r .  These minimum t i m e s  were  t h o s e  found  n e c e ­
s s a r y  f o r  a t t a i n m e n t  o f  e q u i l i b r i u m  by a n a l y s i s  o f  s amples  
a t  v a r i o u s  t i m e s ,  Weighed s a m p l e s  o f  t h e  l i q u i d  phase  a t  
e q u i l i b r i u m  were removed and a n a l y z e d  f o r  e rb ium and n i t r o g e n  
c o n t e n t .  In  some c a s e s ,  t h e  I d e n t i t y  o f  t h e  s o l i d  phase  was 
c o n f i r m e d  by o b t a i n i n g  X - r a y  pouider p a t t e r n s  o f  t h e  d r i e d  
r e s i d u e .
Tab l e  I I  g i v e s  t h e  c o m p o s i t i o n  of  t h e  o r i g i n a l  com­
p l e x ,  t h e  c o m p o s i t i o n  o f  t h e  s a t u r a t e d  s o l u t i o n ,  and t h e  com­
p o s i t i o n  of  t h e  d ry  r e s i d u e .  F i g u r e  1 i s  a g r ap h  o f  t h B  c u r v e s  
o b t a i n e d  by d r awing  t i e - l i n e s  be tween  t h e  s o l u t i o n  p o i n t s  and 
t h e  s y n t h e t i c  c o m p o s i t i o n  p o i n t s ,
H, A n a l y t i c a l  P r o c e d u r e s ,
1 ,  D e t e r m i n a t i o n  o f  N i t r o g e n .
N i t r o g e n  a n a l y s e s  on s o l i d  s am p le s  were p e r fo rm ed  on
a Coleman Model 29 N i t r o g e n  A n a l y z e r ,
N i t r o g e n  a n a l y s e s  on s amp le s  i n  aq ueous  s o l u t i o n  were
p e r f o rm e d  on a m ic ro  K j e l d a h l  a p p a r a t u s  made by Rob e r t  Ander -
29
s o n .  The p r o c e d u r e  u s ed  was a d a p t e d  from S t e ye rm ark  and
30Kemmerer and  H a l l e t t .  The aqueous  s ample  was s t e a m - d i s t i l l e d  
from a 15 M sodium h y d r o x i d e  s o l u t i o n  and  t h e  d i s t i l l a t e  was 
c o l l e c t e d  i n t o  a b o r i c  a c i d  s o l u t i o n  c o n t a i n i n g  a mixed 
i n d i c a t o r  o f  5x1 b r o m c r e s o l  g r e e m m e t h y l  r e d ,  b o t h  0 ,2 %  s o l u ­
t i o n s  i n  95%  e t h a n o l .  The b o r i c  a c i d  s o l u t i o n  o f  ammonia was 
t i t r a t e d  w i th  0 ,1  N HC1 t o  a r e d  end p o i n t .
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Table II
-oNH4F- Er F3-H20 System a t  25'
O r i g i n a l  Complex S a t u r a t e d  S o l u t i o n  Dry Res idue
wt.% wt .% wt.% uit.% u i t . #  m . %
NH4F E r F 3 NH4F E r F 3 NH^F ErFg
39 .51  2 . 7 4  3 8 .4 7  0 . 0 0  5 5 . 3 7  44.63
3 3 . 5 5  3 . 6 9  3 2 . 6 3  0 . 0 0  4 6 . 0 5  53 ,95
2 9 .2 7  1 . 5 1  2 8 . 9 3  0 . 0 0  4 1 . 9 2  58 ,08
2 7 ,3 6  6 . 4 0  2 8 . 0 3  0 . 0 0  1 8 . 4 7  81.53
2 2 . 5 5  1 1 . 1 7  2 4 . 8 0  0 . 0 0  5 .8 2  9 4 . IB
2 0 . 9 8  9 . 3 0  2 2 . 6 3  0 . 0 0  5 .9 7  94 .03
2 0 . 4 0  9 . 0 5  2 2 . 1 8  0 . 0 0  3 . 1 0  96 .90
1 8 . 0 0  0 . 5 8  1 9 . 1 4  0 . 0 0  6 . 7 4  93.26
1 1 .5 2  8 . 7 7  1 2 . 2 7  0 . 0 0  4 .0 5  95 .95
9 . 4 3  1 1 . 1 0  1 0 . 3 9  0 . 0 0  1 , 9 4  98.06
8 . 7 2  3 , 5 7  0 . 8 8  0 . 0 0  4 .55  95.45
5 . 0 0  8 . 5 8  5 , 4 0  0 . 0 0  0 ,81  99.19
3 .5 1  1 . 9 0  3 . 5 1  0 . 0 0  3 .55  96 .45
1 . 2 0  6 , 4 0  1 . 3 2  0 . 0 0  0 .78  99.22
90
F i g u r e  1 
NH4F- Er F3-H20 System a t  25°
□
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312.  D e t e r m i n a t i o n  of  Rare E a r t h  M e t a l s .
Samples  were d i s s o l v e d  in  concd s u l f u r i c  a c i d  o r  
h y d r o c h l o r i c  a c i d i  t h e  s o l u t i o n s  uiere e v a p o r a t e d  t o  n e a r  d r y ­
n e s s ,  t h e n  d i l u t e d  uiith w a t e r  t o  g i v e  a pH o f  a p p r o x i m a t e l y  1 ,  
The m e t a l s  were p r e c i p i t a t e d  a s  t h e  o x a l a t e s  w i t h  s a t u r a t e d  
o x a l i c  a c i d  and were i g n i t e d  t o  t h e  o x i d e s  a t  850-900°*
323,  D e t e r m i n a t i o n  o f  F l u o r i d e .
The s a m p le s  were s t e a m - d i s t i l l e d ,  w i th  c o l l e c t i o n  o f  
t he  f l u o r i d e  as  f l u o r o s i l i c i c  a c i d  f o l l o w e d  by t i t r a t i o n  o f  
t h e  d i s t i l l a t e  w i th  t h o r iu m  n i t r a t e  s o l u t i o n ,  u s i n g  a h i g h  
f r e q u e n c y  o s c i l l o m e t B r  f o r  end p o i n t  d e t e c t i o n ,
4 .  Carbon* Hydrogen.  N i t r o g e n  A n a l y s e s .
Samples  were a n a l y z e d  fo r  c a r b o n ,  hy d r og en ,  and n i ­
t r o g e n  wi th  an F&M C o r p o r a t i o n  Model 1B5 Ca rbon ,  Hydrogen,  
N i t r o g e n  A n a l y z e r .  In  two c a s e s  c a r b o n ,  hy d rog en ,  n i t r o g e n  
a n a l y s e s  were pe r fo rmed  by G a l b r a i t h  L a b o r a t o r i e s ,  I n c . ,  
K n o x v i l l e ,  T e n n e s s e e .
335 ,  D e t e r m i n a t i o n  o f  Bromide .
Bromide was d e t e r m i n e d  by d i s s o l v i n g  t h e  sample  i n  
wa t e r  and t i t r a t i n g  a l i q u o t s  o f  t h e  s o l u t i o n  w i th  0 .1  N 
s i l v e r  n i t r a t e .  D i c h l o r o f l u o r e s c e i n  ( 0 , 1 $  i n  70$ a l c o h o l )  
was u sed  as  i n d i c a t o r  and f o r m a t i o n  o f  a r e d d i s h  s i l v e r  b r o ­
mide s o l  was t a k e n  a s  end p o i n t .
I • D i f f e r e n t i a l  Thermal  A n a l y s e s .
D i f f e r e n t i a l  t h e r m a l  a n a l y s e s  ( d t a )  were  c a r r i e d  ou t
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ui i th a  DuPont D i f f e r e n t i a l  Thermal  A n a l y z e r  model 900 em­
p l o y i n g  a D i f f e r e n t i a l  Scann ing  C a l o r i m e t e r  c e l l .  A l l  d t a  
r u n s  were made un d e r  a 2-mm h e l i u m  a tm o sp h e r e  w i th  a h e a t i n g  
r a t e  o f  1 5 ° / m i n .  A t e m p e r a t u r e  (T)  s c a l e  o f  2 m v / i n ,  and a 
d i f f e r e n t i a l  t e m p e r a t u r e  (AT) s c a l e  o f  e i t h e r  0 , 0 2  o r  0 .08  
m v / i n .  were u s e d .  T em p er a tu r e  was mea su red  u s i n g  a c h ro m e l -  
a l um e l  t h e r m o c o u p l e ,  and a l l  t e m p e r a t u r e  r e a d i n g s  were  c o r ­
r e c t e d  f o r  c h r o m e l - a l u m e l  t h e r m o c o u p l e s  u s i n g  a c o r r e c t i o n
T i
t a b l e  f u r n i s h e d  by DuPont f o r  t h e  model  900 i n s t r u m e n t .
The t h e r m o c o u p l e  r e f e r e n c e  j u n c t i o n  was immersed i n  an i c e -  
w a t e r  b a t h .
The d i f f e r e n t i a l  t hermograms  o b t a i n e d  f o r  t h e  com­
pounds ( N H ^ ^ L n j f  12. ' ^ O  a r e  shown i n  F i g u r e  2 |  t h o s e  f o r  t h e  
compounds (NHA)gLn2F g ‘K^O a r e  shown i n  F i g u r e  3 f and t h o s e  
f o r  t h e  compounds NH^LnF^ i n  F i g u r e  4 .  A AT s c a l e  o f  0.02 
m v / i n ,  was u se d  e x c e p t  where n o t e d  o t h e r w i s e ,  i n  which c a s e s  
a s c a l e  o f  0 , 0 8  m v / i n ,  was u s e d .  T e m p e r a t u r e s  o f  t h e  d t a  
peaks  o b s e r v e d  a r e  summar ized  i n  t h e  c o r r e s p o n d i n g  T ab l e s  
I I I - V ,  which i n c l u d e  t h e  t e m p e r a t u r e  r a n g e  i n v e s t i g a t e d  f o r  
each  compound.  The t e m p e r a t u r e s  r e p o r t e d  i n  t h e  t a b l e s  were 
o b t a i n e d  from t h e  t he rmograms a c c o r d i n g  t o  thB f o l l o w i n g  
schemei  ( a )  o n s e t  t e m p e r a t u r e  was t a k e n  a s  t h e  t e m p e r a t u r e  
a t  which t h e  thermogram s t a r t s  t o  d e p a r t  from t h e  ba se  l i n e i  
( b )  peak t e m p e r a t u r e  was t a k e n  a s  t h e  t e m p e r a t u r e  o f  r e v e r s a l ,  
o r  peak maximumj ( c )  r e c o v e r y  t e m p e r a t u r e  was t a k e n  a s  t h e  
t e m p e r a t u r e  a t  which t h e  thermogram r e t u r n s  t o  e i t h e r  t h e  same
o r  a d i f f e r e n t  ba se  l i n e .  A l l  pe aks  were e n d o t h e r m i c  e x c e p t  
where  n o t e d  o t h e r w i s e .


































Tab l e  I I I
D i f f e r e n t i a l  Thermal  A n a l y s i s  Data  f o r  (NH^ )2Ln3F i i . H 2D Compounds
Peak T e m p e r a t u r e s ,  °C Temp* Range
Compound Onse t  Peak Recovery I n v e s t i g a t e d
( nh4 )2 y3f u *h2o
{NH4 ) 2E r 3Fn .H20 
(NH4 ) 2Dy3Fu .H20
(NH4 )2Ho3Fj^  .H20
56 119 141 18-306°
151 ISO 211
226 311 338
75 115 146 24-471°
290 316 334
37 69 98 18-429°
105 159 219
316® 332® 337
40 61 84 17-471°
129 204 235



























Sm (ATCQ.08 m v / i n . )




T e m p e r a t u r e , ° C
Differential
Compound
(NH4 ) 3E r 2Fg . H
(NH4 ) 3 Y2fg*H2
(NH4 ) 3P r 2F9 *H 
( N H ^ ) 3 L a 2 F g  *H 
( N H 4 ) 3 5 m 2 F g . H
Table IV
Thermal  A n a l y s i s  Data f o r  (NH4 ) 3Ln2Fg *H20 Compounds
Peak T e m p e r a t u r e s ,  °C Temp. Range
Onset Peak Recovery I n v e s t i o a t e d








0 75 109 124 25-414°
134 174 186
186 211 252
0 42 100 107 14-428°
107 132 170
170 190 301





















F i g u r e  4




NH4E r F 4
"bo 120— 1— r£ c — L- ~2t o  "1" 2A0
T e m p e r a tu r e , ° C
7 f o r - 1— s i r40
Table V
Differential Thermal Analysis Data for NH4LnF4 Compounds
Peak T e m p e r a t u r e s , ° C
Compound Onset  Peak Recovery
NH4ScF4 156 257 355
NH*YF. 116 195 205
205 210 236
274 297 336
NH4GdF4 134 235 302
NH.ErF.  131 221 259
*  269 296 350
Temp, Range 








J , Th e r m o Qr av im e t r i c  A n a l y s e s .
T h e r m o g r a v i m e t r i c  a n a l y s e s  ( t g a )  were c a r r i e d  o u t  
u s i n g  a DuPont  The rmograv / imet r l c  A n a l y z e r ,  model  950 .  A l l  
t g a  ru n s  mere made u n d e r  a h e l i u m  a tm o sp h e r e  o f  2 mm p r e s ­
s u r e .  The h e a t i n g  r a t e  f o r  a l l  r u n s  was 1 5 ° / m i n ,  wi th  a t ime  
c o n s t a n t  o f  1 s e c .  T e m p e r a tu r e  was measured  w i t h  a c h r o m e l -  
a l u m e l  t h e r m o c o u p l e  and was c o r r e c t e d  by u sage  o f  c h a r t  pa p e r  
embodying c o r r e c t i o n s  f o r  t h e r m o c o u p l e  r e s p o n s e .  The t h e r m o ­
c o u p l e  r e f e r e n c e  j u n c t i o n  was immersed i n  an i c e - w a t e r  b a t h .  
Sample s i z e s  r a n g e d  from a b o u t  10 t o  22 mgj t h e  we igh t  s c a l e  
u se d  was e i t h e r  0 , 4 ,  1 ,  o r  2 m g / i n .
The d a t a  o b t a i n e d  from t h e  t g a  a n a l y s e s  a r e  g i v e n  i n  
T a b l e  VI f o r  t h e  compounds ( N H ^ ^ L n g F * ^ 0 ,  i n  Tab l e  VII  f o r  
t h e  compounds (NH^)3Ln2 f g *1^0,  and i n  Tab l e  VI I I  f o r  t h e  com­
pounds NH^LnF^,
K. X-Ray Powder D i f f r a c t i o n  P h o t o g r a p h s .
Powder p a t t e r n s  were o b t a i n e d  w i th  e i t h e r  a 5 7 . 3  o r  
1 1 4 , 6  mm P h i l i p s  camera  u s i n g  c o p p e r  ( X s l . 5 4 1 8  A) o r  i r o n  
( l r l . 9 3 7 3  A) r a d i a t i o n .  F i n e l y  g rou nd  s amp le s  were mounted 
i n  0 , 3  mm g l a s s  c a p i l l a r i e s .  Al l  powder  f i l m s  were c o r r e c t e d  
f o r  s h r i n k a g e .  V a l ue s  f o r  t h e  i n t e r p l a n a r  s p a c i n g s  were  ob­
t a i n e d  from t h e  c o r r e c t e d  20  v a l u e s  u s i n g  t h e  X- r a y  d i f f r a c -
35t i o n  t a b l e s  o f  Fang and  B l o s s ,  R e l a t i v e  i n t e n s i t i e s  were 
e s t i m a t e d  v i s u a l l y .  Powder p a t t e r n s  f o r  t h e  (NH^) 2Ln3 F n * ^ 0 ,  
(NH4 ) 3Ln2Fg»H20,  and NH^LnF^ compounds a r e  g i v e n  i n  P a r t  A of  
t h e  Append ix .
Tab l e  VI
T h e r m o g r a v i m e t r i c  A n a l y s i s  Data  f o r  (NH4 )2Ln3 ^ l l C o m p o u n d s
Decompos i t i on P e r  Cent Weight  Loss
Compound T em p er a tu r e Obsd Ca lcd
(NH4^2^3^11*^2® 55- 163° 3 . 6 0 H2O, 3 . 4 0H t. sJ  £. 163 -306° 7 . 0 0 NH4F,  6 . 9 9
306 -325° 6 .2 0 NH4F,  6 . 9 9
(NH4^2^ r 3^11*H2® 77-176° 2 . 2 0 H20,  2 . 3 6H & w A X % 107-338° 9 . 2 0 2NH4F,  9 , 6 8
(NH4 ^ 7 ^ 3 ^  11 56 -113° 3 .01 H20 , 2 . 4 0*4 Z J  £- 126-207° 11 .33 2NH4F,  9 . 8 6
330-337° 0 ,30 ?
(NHa)oHOtF1 1 *^2^ 5 0 - 14 0° 2 .3 6 H20 ,  2 . 3 8<* £. J  IX I. 17B-226° 4 ,5 7 NH4F,  4 . 89
22 6 - 30 0 ° ,
300-327° 5 . 7 0 NH4F, 4 . 89
U)
Table VII
Thermogravimetric Analysis Data for (NH^)3 Ln 2 Fg*H20 Compounds
Decompos i t i on  
T e m p e r a t u r e
P e r
Obsd
45 -175° 2 .4 3
200 -238° 11 .46
238 -312° 4 .08
312-328° 2 ,2 3
86-145° 4 , 4 8
198 -233° 1 5 . 12
233-302° 5 .7 7
302-317° 2 .9 9
90 -141° 2 ,8 6
145-173° 7 . 2 0
206-238° 14 .48
40-147° 11 .95
147-205° 7 . 1 6
205-345° 6 . 0 0
38 -261° 16 .77
261 -405° 3 .23
Compound   Ca lcd
(NHA) 3E r 2Fg .H20 45-175°  2 .4 3  H20 t 3 . 12
------------ n . .  2NH4F , 1 2 , 8 2
HF, 3 .46  
NH3 , 2 . 95
(NHA) ,Y 9FQ.H90 86 -145°  4 , 4 8  H20 ,  4 , 28
  " " "  2NH4F , 1 7 . 6 0
HF, 4 . 75  
NH3 , 4 . 0 4
(NH4 ) 3Pr2Fg .H20 90 -1 41°  2 , 8 6  H20 ,  3 . 4 3
,«™n «« NH4F,  7 , 0 6
2NH4F , 1 4 . 1 1
(NHA) 3La9 FQ.H90 40 -147°  ,  H2 0 +NH4F , 1 0 . 5 7
y ™  ” NH4F,  7 . 1 1
NH4 F , 7 . 1 1
(NHA),Sm9 FQ*H90 38 - 261°  ,  H2O+2NH4F , 16 .93
NH4F , 6 . 81
Table VIII
Thermogravimetric Analysis Data for NH^LnF4 Compounds
Decompos i t i on Pe r  Cent Uteight Loss
Comoound Temp era tu r e Obsd Ca lcd
NH4ScF4 237 -321° 26 .27 NH4F,  26 .65
nhayf a 155 -242° 14 .15 HF t 1 0 .9 4
4 A 242 -326° 9 .2 7 NH3 , 9 . 31
NH4Gdf4 215 -259° 16 .59 NH4F,  1 4 .7 4




L , I n f r a r e d  S p e c t r a .
I n f r a r e d  s p e c t r a  i n  t h e  4000-200  cm"^ r a n g e  were ob­
t a i n e d  ut i th a Beckman IR-12 s p e c t r o p h o t o m e t e r .  Nu jo l  and 
h a l o c a r b o n  m u l l s  ui i th ces ium i o d i d e  and p o t a s s iu m  bromide 
windows o r  ces ium i o d i d e  and po t a s s i u m  bromide p e l l e t s  were  
u se d .
T ab l e s  IX,  X, and XI l i s t  t h e  i n f r a r e d  a b s o r p t i o n s  
f o r  t h e  ( N H ^ ^ L n ^ F u  'HjO* (NH^)3Ln2 lr 9 * ^ 0 , and NH^LnF^ com­
pounds,  r e s p e c t i v e l y .
[»1, Raman S p e c t r a .
Raman s p e c t r a  of  NH4 YF4 , NH^ErF^ and NH4GdF4 were 
o b t a i n e d  by Dr .  C h a r l e s  V, Berney,  U n i v e r s i t y  o f  New Hamp­
s h i r e ,  t h rough  t h e  c o u r t e s y  o f  Dr.  R i c ha r d  E.  M i l l e r ,  M i c h i ­
gan S t a t e  U n i v e r s i t y ,  An Ar+ (5145 A) l a s e r  s o u r c e  was
36used)  t h e  s p e c t r o m e t e r  ha s  been d e s c r i b e d  p r e v i o u s l y .
Raman d a t a  o f  t h e s e  compounds a r e  i n c l u d e d  w i t h  t h e  i n f r a r e d  
da t a  i n  Tab l e  X I ,
Tab le  IX
I n f r a r e d  S p e c t r a  o f  ( N H ^ ^ L n ^ F ^ ‘h^O Compounds3 **3
(NH4)2Y3Fj^j^ *H20 (NH4 )2Dy3F1i  *1^0 (NH^)2Ho3F]^»H2Q (NH4) 2^ 3^11 * ^ 0
3260 s ,  b 3225 ms 3250 s , b 3260 s
1665 via, vb 3090 m,sh 3095 s , b 3080 m, sh
1430 s 2900 ui,sh 2920 m, sh 2862 ui, sh
520 m 1648 tu 1670 UI 1668 tv
380 s 1425 s 1435 a 1428 s
321 m,sh 368 s 1025 UI 520 m
728 UI 365 s
370 3 280 s
295 s
a V/alues g i v e n  i n  cm“ ^ ,
^ A b b r e v i a t i o n s  u se d i  s ,  s t r o n g ;  ms, m e d i u m -s t r on g ;  m, medium;
ui, weak; vui, v e ry  weak; s h ,  s h o u l d e r ;  
b ,  b r o a d ;  vb ,  v e r y  b r o a d .
uui
( nh4 ) 3 y2 f 9 *h2o
Tab le  X
I n f r a r e d  S p e c t r a  o f  (NH^J- jLn^g»H20 Compounds3 '*3 
(NH4)3La2Fg'H20 (NH^)3Pr2Fg»H20 (NH^)3Sm2Fg *H20 )3Er2Fg »H20
3200 ms 3167 s 3190 ms 3150 s ,  vb 3250 s
3100 s 3032 s 3040 s 1665 UI 3120 s
2920 m,sh 2B48 s 2890 m, sh 1480 m 2942 m, sh
1430 s 1497 s 1685 ui,sp 1410 s 1655 UI
1405 s 1465 ms, sh 1488 m, s p , sh 490 UI 1488
325 s 1413 s , s p 1475 s , s p 328 3 1470
749 ms, sh 1420 s , s p 288 S 1438 s
729 s 480 m,sp 255 S 1415 sh
480 ms , sp 322 s 485 UI
346 ms , sh 265 s 415 u






a —1Va lues  g i v e n  i n  cm .
^ A b b r e v i a t i o n s  u se d t s f s t r o n g  1 ms, m ed i um-s t rong  ; m, medium; ui, weak; 
s h ,  s h o u l d e r ;  b ,  b r o a d ;  vb ,  v e r y  b r o ad ;  s p ,  s h a r p ;  
db,  d o u b l e t .
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Table XI
g  £) CI n f r a r e d  S p e c t r a  o f  NH4LnF4 Compounds * *
NH4ScF4 nh4 yf4 NH4GdF4 NH4E r F 4
3220 s 3100 s 3200 a 3215 s
3110 s , s h 2900 s * s h 3040 s 3062 3
2870 mf sh 2180 m 2085 s f sh 3012 s»sh
2335 ui 1009 m 2135 ui( b 2900 ms * sh
1430 s 1476 s 1883 ui»b 1494 s
597 s 1430 s 1720 VUI 1447 s , s p
491 s 446 s 1600 UI 1425 3,SP
230 s 345 s 1482 s , s p 419 s
296 s 1442 s , s p 341 S
233 s 1422 S »SP 1 300 s
( 2014 ) 1410 s . s p  J ^ 234 s





a V a l ues  g i v e n  i n  cm"* .
^ A b b r e v i a t i o n s  u s e d i  s ,  s t r o n g j  ms* med ium-s t rong*
m, medium* w, weak* vu>, v e ry  
weak* s h t s h o u l d e r *  sp* sha rp*  
b,  broad* db* d o u b l e t *
c Numbers i n  p a r e n t h e s e s  a r e  Raman b a n d s .
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I I I ,  RESULTS AND DISCUSSION 
A. Bromina t i on  of  Rare E a r t h  M e t a l s  i n  Va r io u s  S o l v e n t s !
Reac t i o n  of  B romina t i on  S o l u t i o n s  wi th  Ammonium F l u o r i d e .
The i n i t i a l  app roach  t o  s y n t h e s i z i n g  compounds of  
t h e  t ype  NH^-Ln-F i n v o l v e d  p r e p a r a t i o n  o f  t h e  met a l  b r om ide s ,
methods  o f  p r e p a r a t i o n  o f  t h e  t r i b r o m i d a s  o f  t h e  r a r e  e a r t h
37m e t a l s  have been r ev i e we d  by Brownj t h e  t r i b r o m i d e s  a r e  
g e n e r a l l y  o b t a i n e d  as t h e  h y d r a t e s  from aqueous  hydrobromic  
a c i d ,  t h e  o x i d e s ,  o r  t h e  t r i c h l o r i d e s .  In  o r d e r  t o  o b t a i n  
anhydrous  t r i b r o m i d e s ,  c a r e f u l l y  c o n t r o l l e d  vacuum t h e r m a l  
d e c o m p o s i t i o n  o f  t h e  h y d r a t e s  i s  r e q u i r e d .
I n  t h i s  s t u d y  t h e  m e t a l  b romides  were p r e p a r e d  by 
r e a c t i o n  o f  t h e  me ta l  wi th  bromine  i n  a s u i t a b l e  s o l v e n t .  
Subsequent  r e a c t i o n  o f  t h e  m e t a l  bromide s o l u t i o n s  w i th  
s o l u t i o n s  o f  ammonium f l u o r i d e  i n  t h e  same s o l v e n t  was i n ­
v e s t i g a t e d  a s  a p o t e n t i a l  r o u t e  t o  p r e p a r a t i o n  o f  ammonium 
f l u o r o l a n t h a n a t e s , A c e t o n i t r i l e ,  1 , 2 - d i m e t h o x y e t h a n e ,
2 , 2 - d i m e t h o x y p r o p a n e ,  w a t e r ,  and methanol  were su r v e y e d  t o  
a s c e r t a i n  t h e i r  p o t e n t i a l  u s e f u l n e s s  f o r  t h e  above s y n t h e t i c  
r o u t e .  P r e p a r a t i o n  o f  a compound of  t h e  t yp e  NH^-Er-F was 
u s ed  f o r  t h e  su r v e y  o f  t h e s e  s o l v e n t s ,
A c e t o n i t r i l e  ha s  found wide a p p l i c a t i o n  a s  a s o l v e n t
3 ftf o r  s y n t h e t i c  i n o r g a n i c  r e a c t i o n s .  R e a c t i o n s  o f  some 
t r a n s i t i o n  m e t a l s  wi th  bromine i n  a c e t o n i t r i l e  have been r e ­
p o r t e d ,  ^ - 4 1  j n p re3e r i t  c a s e ,  u s i n g  erb ium m e t a l ,  t h e  
b r o m in a t i o n  r e a c t i o n  p ro cee de d  sm oo t h ly ,  a l t h o u g h  f a i r l y  
s l o w l y ,  a t  r e f l u x  t e m p e r a t u r e .  R e a c t i o n  o f  t h e  s o l u t i o n  of
39
m e t a l  bromide i n  a c e t o n i t r i l e  w i th  a s a t u r a t e d  s o l u t i o n  of  
ammonium f l u o r i d e  i n  a c e t o n i t r i l e  uias no t  f r u i t f u l ,  however ,  
s i n c e  no s o l i d  NH^-Er-F p r od uc t  c o u l d  be i s o l a t e d ,
1 .2 - D i me t hox ye t ha ne  a l s o  p roved  t o  be a poor  s o l v e n t  
f o r  t h e s e  r e a c t i o n s .  The b r o m i n a t i o n  of  erbium p r oc eed ed  ve ry  
s l o wl y  a t  r e f l u x  t e m p e r a t u r e ,  and a l a r g e  e x c e s s  o f  bromine 
was r e q u i r e d  f o r  even i n c o m p l e t e  r e a c t i o n  o f  t h e  m e t a l .  The 
a t t e m p t e d  r e a c t i o n  of  t h e  met a l  b romide  s o l u t i o n  w i th  a s a ­
t u r a t e d  s o l u t i o n  o f  ammonium f l u o r i d e  in  1 , 2 -d i m e th o x y e t h an e  
y i e l d e d  no i s o l a b l e  p r o d u c t .
2 . 2-Dimethoxypropane  p roved  s i m i l a r l y  u n s u c c e s s f u l *  
i n c o m p l e t e  r e a c t i o n  o f  t h e  me t a l  r e s u l t e d  a f t e r  p r o l o n g e d  
h e a t i n g  a t  r e f l u x  t e m p e r a t u r e ,  and t h e  e r b i u m / b r o m i n e / 2 , 2-  
d ime thoxyp ropane  r e a c t i o n  m i x t u r e ,  upon s t a n d i n g ,  d e p o s i t e d
a
a ye l l ow  r e s i d u e  c o n t a i n i n g  Er  + . A ve ry  sma l l  amount  o f  a 
ye l l ow-b rown  s o l i d  was i s o l a t e d  from t h e  r e a c t i o n  be tween t h e  
b r o m in a t i o n  r e a c t i o n  m ix t u r e  and a s a t u r a t e d  s o l u t i o n  o f  am­
monium f l u o r i d e  i n  2 , 2 - d i m e t h o x y p r o p a n e ,  Th is  s o l i d ,  however ,  
was shown by q u a l i t a t i v e  t e s t s  t o  c o n t a i n  on ly  f l u o r i d e  and 
erb ium ions*  no ammonium f l u o r o e r b a t e  p r o d u c t  was c o l l e c t e d .
The b r o m i n a t i o n  r e a c t i o n  went ve ry  smoothly  i n  water* 
h e a t i n g  a t  a t e m p e r a t u r e  s l i g h t l y  below r e f l u x  e f f e c t e d  com­
p l e t e  r e a c t i o n  o f  t h e  me t a l  i n  a r e l a t i v e l y  s h o r t  t i m e .
R e ac t i o n  o f  t h e  m e t a l  bromide s o l u t i o n  w i th  a 2 Jl aqueous  
ammonium f l u o r i d e  s o l u t i o n  p roduced  a ve ry  f i n e l y  d i v i d e d  
p a l e  p ink  p r e c i p i t a t e  which c o u l d  n o t  be c o l l e c t e d  by f i l t r a ­
t i o n ,  bu t  was s e p a r a t e d  from t h e  mothe r  l i q u o r  by c e n t r i f u g a t i o n .
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This  s y n t h e t i c  method was abandoned due t o  d i f f i c u l t i e s  en­
c o u n t e r e d  i n  s e p a r a t i n g  t h e  p r o d u c t  from t h e  r e a c t i o n  m i x t u r e .  
A lso ,  i t  was t h o u g h t  t h a t  by r e f r a i n i n g  from the  u se  o f  wa t e r  
as  a s o l v e n t ,  p r o b a b l e  h y d r a t e  f o r m a t i o n  would be a v o i d e d .  
However,  i t  was s u b s e q u e n t l y  f ound  t h a t  t h e  p r o d u c t  o b t a i n e d  
by t h i s  method was i d e n t i c a l  t o  t h e  ( N H ^ g E r j F j ^  • H2^ 3 p r e p a r e d  
by t h e  method which was e v e n t u a l l y  p u r s u e d ,  a s  s h a l l  be d e s ­
c r i b e d .  C o n f i r m a t i o n  o f  t h e  p r o d u c t ' s  i d e n t i t y  utas accom­
p l i s h e d  t h ro u gh  compar i son  of  i t s  X-ray  powder p a t t e r n  wi th  
t h a t  o f  a g e n u in e  s amp le .
A b r i e f  i n v e s t i g a t i o n  was c on du c t e d  of  t h e  r e a c t i o n  
m ix t u r e  o b t a i n e d  from b r o m i n a t i o n  o f  t h e  me t a l  i n  w a t e r .
The sm a l l  amount  o f  wh i t e  r e s i d u e  a lways  o b t a i n e d  a f t e r  b r o -  
m i n a t i o n  o f  t h e  me t a l  i n  wa t e r  was removed by f i l t r a t i o n ,  
and c a r e f u l  e v a p o r a t i o n  o f  t h e  f i l t r a t e  t o  d r y n e s s  p roduced 
p in k ,  e x t r e m e l y  h y g r o s c o p i c  E r B r 3 »6H2 0 *
The b r o m i n a t i o n  of  e rb ium p r oc e ed e d  q u i t e  r e a d i l y  i n  
me t han o l j  a v i g o r o u s  r e a c t i o n  ensued  a t  0 ° ,  and h e a t i n g  a t  
r e f l u x  t e m p e r a t u r e  f o r  a  r e l a t i v e l y  s h o r t  timB e f f e c t e d  com­
p l e t e  r e a c t i o n  o f  t h e  m e t a l .  The b ro m in a t i o n  o f  s i e t a l s  o t h e r
i A A A
t han  t h e  r a r e  e a r t h s  i n  methano l  ha s  been  i n v e s t i g a t e d  * 
by e a r l i e r  worke r s  i n  t h i s  l a b o r a t o r y i  t h e  mechanism of  t he  
b r o m in a t i o n  p r o c e s s  i s  n o t  y e t  t h o r o u g h l y  u n d e r s t o o d .
The b r o m i n a t i o n  r e a c t i o n  i n  m e th ano l  was s u c c e s s f u l l y  
ex t e n d e d  t o  o t h e r  r a r e  e a r t h  m e t a l s*  y t t r i u m ,  l an t han um ,  p r a ­
seodymium, samar ium,  g a d o l i n i u m ,  dysp r os ium,  and holmium.
In a l l  o f  t h e s e  b r o m in a t i o n  r e a c t i o n s ,  i t  was found  t h a t  a t
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l e a s t  a t w o f o l d  e x c e s s  o f  b romine  from t h a t  c a l c u l a t e d  f o r  
s t o i c h i o m e t r i c  r e a c t i o n  to p r o du ce  LnBr^ was r e q u i r e d  f o r  
com p l e t e  r e a c t i o n  o f  t h e  m e t a l t  f u r t h e r ,  a smal l  amount  o f  
y e l l o w  t o  ye l l o w -b ro w n  r e s i d u e ,  c o n t a i n i n g  bromide i o n ,  was 
a lw ay s  p r e s e n t  a f t e r  a l l  o f  t h e  m e t a l  had  r e a c t e d .  A f t e r  
f i l t r a t i o n  t o  remove t h i s  r e s i d u e ,  e rb ium bromide s o l u t i o n s  
were  found t o  r ema in  c l e a r  upon be in g  a l l o w e d  t o  s t a n d  a t  
room t e m p e r a t u r e  f o r  p e r i o d s  o f  up t o  f o u r  weeks .  P r e su m a b ly ,  
t h e s e  s o l u t i o n s  would be s t a b l e  f o r  even  l o n g e r  p e r i o d s  o f  
t i m e .  G e n e r a l l y ,  howeve r ,  t h e  s o l u t i o n s  were u sed  w i t h i n  a 
day o r  two a f t e r  t h e i r  p r e p a r a t i o n .
In t h e  c a se  o f  erbium t h e  compound E r B r j » 4CH3 0 H was 
i s o l a t e d  by t r e a t m e n t  o f  t h e  f i l t e r e d  b r o m i n a t i o n  r e a c t i o n  
m i x t u r e  w i t h  2 , 2 - d i m e th o x y p r o p a n e  which removed any wa t e r  i n  
t h e  s o l u t i o n  and s e r v e d  t o  p r o t e c t  t h e  s o l u t i o n  f rom m o i s t u r e .  
The u s e f u l n e s s  of  2 , 2 -d i mBthoxyp ropane  a s  a d e h y d r a t i n g  a g e n t  
i s  we l l  k n o w n , p a r t i c u l a r l y  f o r  h y d r a t e d  meta l  n i t r a t e s ,  
c h l o r i d e s , 4® and p e r c h l o r a t e s . 4 7 *40 I t s  u se  i n  t h i s  i n s t a n c e  
i s  p a r t i c u l a r l y  a p t  s i n c e  t h e  p r o d u c t s  o f  i t s  r e a c t i o n  w i th  
w a t e r  a r e  me thano l  and  a c e t o n e ,  which n e i t h e r  c o m p l i c a t e  t h e  
sy s t em no r  c a u s e  s i d e  r e a c t i o n s .  Acetone  and any e x c e s s
2 , 2 - d i m e th o x y p r o p a n e  a r e  v o l a t i l e  and e a s i l y  removed d u r i n g  
c o n d e n s a t i o n  o f  t h e  s o l u t i o n  t o  s m a l l e r  volume.  Somet imes ,  
however ,  d i f f i c u l t y  due t o  p o l y m e r i z a t i o n  i s  e n c o u n t e r e d .
But  wi th  c a r e f u l  c o n t r o l  o f  r e a c t i o n  c o n d i t i o n s ,  p i n k  c r y s t a l s  
o f  ErBr j^CH^OH s e p a r a t e  ou t  o f  s o l u t i o n .  The compound i s  
e x t r e m e l y  h y g r o s c o p i c .
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Compounds o f  t h e  t y p e  LnBr-j MCHgGH have n o t  been r e -
49p o r t e d  p r e v i o u s l y ,  a l t h o u g h  Q u i l l  and C l in k  have  r e p o r t e d  
t h e  p r e p a r a t i o n  o f  compounds LnCl^*4CH^0H (Ln s La ,  P r ,  Nd, 
Gd, Ho, Tb) from s o l u t i o n s  o f  t h e  m e t a l  c h l o r i d e  h y d r a t e s  i n  
me tha no l  and 2 , 2 - d i m e t h o x y p r o p a n e ,
f f l e t hano l a t ed  e rb ium b romide  can  a l s o  be o b t a i n e d  by 
c a r e f u l  e v a p o r a t i o n  o f  t h e  b r o m i n a t i o n  r e a c t i o n  m i x t u r e  t o  
d r y n e s s f  howeve r ,  t h e  number o f  moles  o f  s o l v a t e d  methanol  
pe r  mole o f  e rb ium bromide  i s  f ewe r  t h a n  f o u r .  T h i s  p a r t i a l  
l o s s  o f  t h e  c o o r d i n a t e j y  bound me thano l  i s  p r o b a b l y  due t o  
r e p l a c e m e n t  o f  some o f  t h e  s o l v a t e d  me thano l  by w a t e r .
S i n c e  b r o m i n a t i o n  o f  t h e  r a r e  e a r t h  m e t a l s  i n  meth­
a n o l  p r o v i d e s  a s i m p le  method o f  p r e p a r i n g  s o l u t i o n s  o f  t h e  
t e t r a m e t h a n o l a t e d  b r o m i d e s ,  t h i s  r e a c t i o n  can s e r v e  a s  a 
means o f  p r e p a r i n g  l a n t h a n i d e  complexes  which a r e  d i f f i c u l t  
t o  o b t a i n  i n  aqueous  s o l u t i o n .  F u r t h e r ,  c h a r a c t e r i z a t i o n  
o f  t h e  l a n t h a n i d e  bromide  m e t h a n o l a t e s  t h e m s e l v e s  i s  wor thy  
o f  f u r t h e r  s t u d y ,  s i n c e  a l c o h o l a t e s  o f  l a n t h a n i d e  h a l i d e s  
have  no t  been s t u d i e d  i n  d e t a i l .
Methanol  was s e l e c t e d  a s  t h e  s o l v e n t  o f  p r e f e r e n c e  
f o r  t h i s  s y n t h e t i c  method ,  f o r  s e v e r a l  r e a s o n s .  The b r omina ­
t i o n  r e a c t i o n  went  v e ry  s m o o t h l y ,  r a p i d l y ,  and  t o  c o m p l e t i o n  
i n  m e t h an o l )  an d ,  t h e  s o l u b i l i t y  o f  ammonium f l u o r i d e  i n
me thano l  e x cee de d  t h a t  i n  t h e  o t h e r  s o l v e n t s  e x c e p t  f o r  w a t e r
44 %
( s a t u r a t e d  ammonium f l u o r i d e  i n  m e th ano l  i s  a b o u t  0 , 5  M 
The d i f f i c u l t y  e n c o u n t e r e d  i n  i s o l a t i o n  o f  p r o d u c t s  was f a r  
l e s s  p ronounced  i n  me thano l  t h a n  i n  wa t e r}  m o re o v e r ,  i t  was
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hoped t h a t  h y d r a t e d  p r o d u c t s  c o u l d  be a vo ide d  by c a r r y i n g  ou t  
t h e  s y n t h e s e s  i n  a nonaqueous  medium, A d e t a i l e d  d i s c u s s i o n  
o f  t h e  r e a c t i o n  o f  m e t h a n o l i c  s o l u t i o n s  o f  l a n t h a n i d e  b romides  
and ammonium f l u o r i d e  i s  r e l e g a t e d  t o  a s e p a r a t e  a e c t i o n i  same 
r emarks  on t h e  r e a c t i o n  o f  t h e  l a n t h a n i d e  bromide  s o l u t i o n s  
w i th  ammonia w i l l  a l s o  be p r e s e n t e d  s e p a r a t e l y ,
B, P r e l i m i n a r y  I n v e s t i g a t i o n  o f  t h e  S y n t h e s i s  o f  L a n t h a n i d e  
Bromide Ammines,
The r e a c t i o n s  be tween ammonia and m e t h a n o l i c  l a n ­
t h a n i d e  bromide s o l u t i o n s  were i n v e s t i g a t e d  i n  a p r e l i m i n a r y  
way, i n  o r d e r  t o  e v a l u a t e  t h e  p o t e n t i a l  o f  t h i s  s y n t h e t i c  
r o u t e  as  a method of  p r e p a r a t i o n  o f  l a n t h a n i d e  bromide am­
mines  ,
L a n t h a n i d e  h a l i d e  ammines have  been l i t t l e  i n v e s t i ­
g a t e d .  Most o f  t h e  r e p o r t e d  work ha s  d e a l t  w i th  t h e  r e a c t i o n  
o f  scandium h a l i d e s  w i th  ammonia a t  e l e v a t e d  p r e s s u r e ,
505cF3 »0,4 NH3 h a s  been p r e p a r e d  i n  t h i s  manner  from ScF3»0,25H2^
and ScCl3 . ( 7 , 4 9 - 7 , 6 3 ) N H 3 , 51 9cBr3 «7,5NH3 , 51 and ScX3 *nNH3
5 3(X = Cl ,  Br» n *  2 , 4 , 5 )  * have been s i m i l a r l y  p r e p a r e d
from anhyd rous  scandium c h l o r i d e  and  b romide .  The scandium
f l u o r i d e  ammine canno t  be p r e p a r e d  from anh yd rou s  scandium
51f l u o r i d e ,  and  t h e  scandium c h l o r i d e  ammines can no t  be p r e -
52p a r e d  from h y d r a t e d  scandium c h l o r i d e ,  S c I 3 *nNH3 ( n  =
532 , 4 , 8 )  has a l s o  been r e p o r t e d ,
A s m a l l  number o f  l a n t h a n i d e  h a l i d e  ammines f o r  m e t a l s
50o t h e r  t han  scandium have  been r e p o r t e d i  YF3 *0 , 35NH3 and
5 4LnCl3 «nNH3 (Ln * La,  Ce,  P r ,  Nd| n * v a r i o u s l y  1 - 2 0 ) ,
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Sinc e  a d d i t i o n  o f  ammonia t o  an aqueous  s o l u t i o n  of
55l a n t h a n i d e  c h l o r i d e s  p r e c i p i t a t e s  t h e  me t a l  h y d r o x i d e s ,  i t  
mas deemed uior thmhi le  t o  a t t e m p t  t h e  p r e p a r a t i o n  o f  l a n t h a n i d e  
bromide ammines i n  nonaqueous  s o l u t i o n ,  i . e . ,  m e t h a n o l .  In  
t h e  c a s e s  examined ( e r b iu m ,  l an th anum ,  samar ium)  i t  was po s ­
s i b l e  t o  o b t a i n  l a fb than ide  bromide ammines t h r o u g h  r e a c t i o n  
o f  m e t h a n o l i c  l a n t h a n i d e  bromide s o l u t i o n s  w i th  ammonia.  
Compos i t ion  of  t h e  p r o d u c t  ammine o b t a i n e d  by t h i s  method 
v a r i e s  depending  upon which meta l  i s  used  and upon how t h e  
s o l i d  p r o d u c t  i s  r e c o v e r e d  from t h e  r e a c t i o n  m i x t u r e .
P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  samarium bromide 
monoammine can be p r e p a r e d  by t h i s  method,  and t h a t  l an thanum 
and erb ium bromide ammines o f  a m m o n i a i l a n t h a n i d e  bromide mo­
l a r  r a t i o s  g r e a t e r  t han  and l e s s  t h a n  one ,  r e s p e c t i v e l y ,  a r e  
f ormed.
T h i s  method o f  p r e p a r a t i o n  o f  l a n t h a n i d e  bromide am­
mines t h u s  a p p e a r s  p r o m i s in g  and c o u l d  p r o v i d e  a much more 
c o n v e n i e n t  s y n t h e s i s  t h a n  t h e  g a s - s o l i d  r e a c t i o n s  g e n e r a l l y  
employed .  However,  any f u r t h e r  d i s c u s s i o n  of  t h e s e  r e a c t i o n s  
would be p r e m a tu r e  a t  t h i s  p o i n t ,  b eca use  a t h o r o u g h  i n v e s t i ­
g a t i o n  o f  t h e  e f f e c t  o f  v a r i o u s  r e a c t i o n  c o n d i t i o n s  on t h e  
c o m p o s i t i o n  of  p r o d u c t s  o b t a i n e d  s h o u l d  be u n d e r t a k e n .
C. Computer  P r o g r a m s .
Three  prog rams  were w r i t t e n  t o  c i r c u m v e n t  t h e  need 
f o r  l a b o r i o u s  and t ime -consuming  c a l c u l a t i o n s  and co mp a r i s on s  
o f  powder d a t a .  These  programs a r e  d e s c r i b e d  be low.
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1 t Prooram f o r  Compar ison o f  X-Ray Powder P a t t e r n s .
X-Ray powder p a t t e r n s  were t a k e n  r o u t i n e l y  o f  a l l  
p r o d u c t s  p r e p a r e d  du r ing  t h e  c o u r s e  o f  t h i s  i n v e s t i g a t i o n .  
Compar ison of  powder p a t t e r n s  o f  p r o d u c t s  p r e p a r e d  by d i f ­
f e r e n t  s y n t h e t i c  methods was a u s e f u l  means o f  d e t e r m i n i n g  
whe the r  v a r i o u s  p r o d u c t s  o b t a i n e d  were t h e  same o r  d i f f e r e n t  
compounds.  I n  o r d e r  t o  e x p e d i t e  compa r i son  o f  compounds from 
t h e i r  powder p a t t e r n s ,  a program was w r i t t e n  so t h a t  t h i s  
c o u l d  be done by co m p u t e r .
The program compares  d v a l u e s  and i n t e n s i t i e s  o f  
powder p a t t e r n s  arid d e t e r m i n e s  whe the r  f i l m s  ma t ch .  In  ad ­
d i t i o n  t o  p r o v i d i n g  a r a p i d  compar i son  of  compounds p r e p a r e d  
i n  t h e  c o u r s e  o f  t h e  r e s e a r c h ,  t h e  program can a l s o  be u sed  
t o  compare compounds w i th  p u b l i s h e d  powder p a t t e r n  d a t a .
Us ing t h e  program,  one or  more f i l m s  can be compared 
w i th  a l i b r a r y  o f  f i l m s  o r  w i th  a d e s i g n a t e d  s e t  o f  f i l m s  
w i t h i n  t h e  l i b r a r y ;  o r ,  e f  a s e t  o f  f i l m s ,  a l l  can be com­
pa red  w i th  each o t h e r .  The p r o ce du r e  fo l l o w e d  f o r  t h e  com­
p a r i s o n  i s  d e s c r i b e d  be low.  The program i s  w r i t t e n  i n  F o r t r a n  
IV, Level  C, and i s  d e s i g n e d  f o r  use  on any computer  w i th  a 
F o r t r a n  IV c o m p i l e r  and B5K b y t e s  o f  c o r e  a v a i l a b l e ,  such as  
an IBM 360.
The compar i son  be tween any two f i l m s  i s  made on t h e  
b a s i s  o f  bo th  d v a l u e s  and t h e i r  c o r r e s p o n d i n g  i n t e n s i t i e s .  
T h i s  compa r i son  i s  made by s c an n i n g  t h r o u g h  d v a l u e s  on t h e  
f i l m  wi th  t h e  g r e a t e r  number o f  l i n e s  t o  f i n d  a match f o r  each 
d v a lu e  on t h e  f i l m  wi th  f ewe r  l i n e s .  The d v a l u e s  on t h e
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two f i l m s  be ing  compared a r e  d i v i d e d  i n t o  t h r e e  s e c t i o n s !  
d>4,  4>d>2,  and d£2.  L i m i t s  a r e  p l a c e d  on t h e  amounts  by 
which two d v a l u e s  w i t h i n  a g iven  s e c t i o n  can d i f f e r  i n  o r d e r  
t o  be c o n s i d e r e d  ma tc he d .  The l i m i t s  a r e  l e a s t  s t r i c t  f o r  
t h e  l a r g e s t  d v a l u e s  and most  s t r i c t  f o r  t h e  s m a l l e s t  d 
v a l u e s .  Two s e t s  o f  l i m i t s  a r e  i n c o r p o r a t e d  i n t o  t h e  p r o ­
gram i t s e l f i  t h e s e  a r e  g iv en  belowt
S e c t i o n  D i f f e r e n c e  i n  Value o f  d 
L im i t  Se t  1 L i m i t  Se t  2
d>4 ±0 .1 0 ±0 .30
4> d>2 ±0.05 ±0.15
d<2 ±0 .0 1 ±0 , 1 0
E i t h e r  o f  t h e s e  s e t s  can be chosen  f o r  t h e  compa r i son  o f  d 
v a l u e s ,  o r  t h e  o p e r a t o r  can r ea d  i n  any l i m i t s  d e s i r e d .  Thus ,  
g r e a t  l a t i t u d e  i s  p e r m i t t e d  i n  t h e  s t r i n g e n c y  o f  t h e  d v a lu e  
c o m p a r i s o n .
To c o n s i d e r  t h e  s e c t i o n  o f  l a r g e s t  d v a l u e s  as  
m a t ched ,  a l l  bu t  one o f  t h e  d v a l u e s  on t h e  f i lm  wi th  fewer  
l i n e s  must  a g r e e  wi th  t h o s e  on t h e  o t h e r  f i lm  w i t h i n  t he  
l i m i t s  s e l e c t e d .  To c o n s i d e r  t h e  o t h e r  two s e c t i o n s  a s  
mat ched ,  a t  l e a s t  8C$ o f  t h e  d v a l u e s  on t h e  f i l m  wi th  f ewer  
l i n e s  must  a g r e e  w i th  l i n e s  on t h e  o th Br  f i l m ,  a g a i n  w i t h i n  
t h e  l i m i t s  s e l e c t e d .
I f  t h e  d v a l u e s  i n  a g iven  s e c t i o n  do n o t  match a c ­
c o r d i n g  t o  t h e  c r i t e r i a  u se d ,  t h e  two f i l m s  a r e  c o n s i d e r e d  
n o t  t o  match and compar i son  of  t h o s e  two f i l m s  i s  d i s c o n t i n u e d .
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I f  t h e  d v a l u e s  i n  a g i v e n  s e c t i o n  do a g r e e ,  c om p a r i s on  i s  
t h e n  made o f  t h e  i n t e n s i t i e s  o f  t h e  p a i r e d  d v a l u e s  i n  t h a t  
s e c t i o n ,
I n t e n s i t i e s  a r e  a s s i g n e d  n u m e r i c a l  v a l u e s  on a s c a l e  
from 1 t o  100 .  Any tuio I n t e n s i t i e s  must  a g r e e  w i t h i n  ±15 i n  
o r d e r  t o  be c o n s i d e r e d  m a t che d .  I f  i n t e n s i t i e s  f o r  a g iven  
f i l m  have  been  e s t i m a t e d  v i s u a l l y  ( 1 , e . .  vv s ,  v s , , , , v v w ) ,  a 
s u b r o u t i n e  c o n v e r t s  t h e s e  i n t e n s i t i e s  t o  t h e  1 t o  1 0 0  s c a l e .  
A d d i t i o n a l l y ,  i f  t h e  s t r a n g e s t  l i n e  on a f i lm  whose i n t e n s i ­
t i e s  a r e  e s t i m a t e d  v i s u a l l y  i s  f ound  t o  be l e s s  t h a n  90 when 
c o n v e r t e d ,  a s c a l e  f a c t o r  i s  employed t o  s e t  t h a t  i n t e n s i t y  
t o  90 and a l l  o t h e r  i n t e n s i t i e s  f o r  t h a t  f i lm  a r e  c o r r e s p o n d ­
i n g l y  s c a l e d  upwards .
I f  a t  any t i m e  t h e  i n t e n s i t i e s  o f  two p a i r e d  d v a l u e s  
do no t  a g r e e  w i t h i n  t h e  ±15 l i m i t ,  t h e  two f i l m s  a r e  c o n s i d e r e d  
n o t  m a t ch e d .  I f  a l l  i n t e n s i t i e s  f o r  a p a r t i c u l a r  s e c t i o n  do 
a g r e e  w i t h i n  t h i s  l i m i t ,  t h i s  s e c t i o n  i s  c o n s i d e r e d  matched 
and t h e  compu te r  goes  on t o  compare  d v a l u e s  f o r  t h e  nex t  
s e c t i o n ,
R e q u i r e d  i n p u t  f o r  each f i lm  c o n s i s t s  m e r e l y  o f  ( l )  
an i n f o r m a t i o n  c a r d  i d e n t i f y i n g  t h e  f i l m  number and  compound,  
t o g e t h e r  w i t h  any a d d i t i o n a l  i n f o r m a t i o n  t h e  u s e r  deems de­
s i r a b l e *  ( 2 ) i n s t r u c t i o n s  d e s i g n a t i n g  which o f  t h e  program 
o p t i o n s  a r e  d e s i r e d *  and  ( 3 )  d a t a  c a r d s  l i s t i n g  a l l  d v a l u e s  
and t h e i r  c o r r e s p o n d i n g  i n t e n s i t i e s .
Fo r  two f i l m s  t h a t  a r e  f ound  t o  mat ch ,  o u t p u t  c o n s i s t s  
o f  t h e  numbers  and i d e n t i f y i n g  i n f o r m a t i o n  f o r  t h e  two f i l m s
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f o l l o w e d  by a t a b l e  l i s t i n g  t h e  l i n e  numbers ,  d v a l u e s ,  and 
i n t e n s i t i e s  on t h e  f i r s t  f i l m  wi th  t h e i r  mat ched c o u n t e r p a r t s  
on t h e  s econ d .  For  f i l m s  t h a t  do n o t  mat ch ,  t h e  compu te r  
p r i n t s  ou t  on ly  t h a t  f a c t ,  f o l l o w ed  by t h e  numbers and  i d e n ­
t i f y i n g  i n f o r m a t i o n  f o r  t h e  f i l m s ,
A co m p le t e  l i s t i n g  o f  thB program i s  p r o v i d e d  i n  
S e c t i o n  B of  t h e  Appendix .
2 ,  Programs f o r  C a l c u l a t i o n  o f  Pe r  Cent  Compos i t i ons  o f  
Ammonium F l u o r o l a n t h a n a t e s  and Ammonium F l u o r o l a n -  
t h a n a t e  H y d r a t e s .
In o r d e r  t o  have a r e l a t i v e l y  com pl e t e  l i s t  o f  pos ­
s i b l e  compounds and t h e i r  t h e o r e t i c a l  pe r  c e n t  c o m p o s i t i o n s  
f o r  r e f e r e n c e  i n  u s i ng  t h e  e x p e r i m e n t a l  a n a l y t i c a l  d a t a  ob­
t a i n e d ,  p rograms were w r i t t e n  t o  have  t h e s e  c a l c u l a t i o n s  done 
by c o mp u t e r .  Two s e p a r a t e  programs were w r i t t e n .
The f i r s t  o f  t h e s e  was a program d e s i g n e d  t o  c a l c u l a t e  
t h e  m o l e c u l a r  w e ig h t s  and p e r  c e n t  c o m p o s i t i o n s  o f  a l l  com­
pounds o f  t h e  t y p e  (IMH^ )x*“n yFz w^ Bre * v a r i e d  from 1 t o  15,  
y from 1 t o  5 ,  and z from 4 t o  30 ,  The l a n t h a n i d e  m e t a l s  
used  i n  t h e  c a l c u l a t i o n s  were y t t r i u m ,  l an thanum,  g a d o l i n i u m ,  
e rb ium,  samar ium,  praseodymium,  and eu rop ium.  The o n l y  d a t a  
r e q u i r e d  f o r  t h e  program were t h e  a tom ic  w e i g h t s  o f  a l l  of  
t h e  e l e m e n t s  i n v o l v e d )  t h e s e  were i n c l u d e d  d i r e c t l y  i n  t he  
p rog ram.  The program o u t p u t  was i n  t a b l e  formt  each  compound ' s  
f o rm u la  was l i s t e d ,  and b e n e a th  t h i s  was p r i n t e d  t h e  m o l e c u l a r  
we igh t  and t h e  t h e o r e t i c a l  pe r  c e n t  o f  each e lement  i n  t h e  
compound,  A co mple t e  l i s t i n g  o f  t h e  program i s  p r o v i d e d  i n
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P a r t  C o f  t h e  Appendix .
The s econd  program c a l c u l a t e d  t h e  m o l e c u l a r  w e i gh t s  
and pe r  c e n t  c o m p o s i t i o n s  o f  compounds o f  t h e  t yp e  
(NH^)xLnyFz •nHjO. Again x v a r i e d  from 1 t o  15,  y from 
1 t o  5,  and z from 4 t o  30|  n had  t h e  v a l u e s  0 , 5 ,  1 ,  1 . 5 ,  
and 2 ,  The l a n t h a n i d e  m e t a l s  f o r  which t h e  c a l c u l a t i o n s  
were made were t h e  same a s  t h o s e  l i s t e d  a b ov e .  A l l  n e c e s ­
s a r y  a tomic  we igh t  d a t a  were i n c l u d e d  d i r e c t l y  i n  t h e  p r o ­
gram i t s e l f .  The o u t p u t  was a  t a b u l a t e d  l i s t i n g  o f  each 
compound ' s  f o r m u l a ,  m o l e c u l a r  w e i g h t ,  and  t h e o r e t i c a l  pe r  
c e n t  c o m p o s i t i o n .  A comple t e  l i s t i n g  o f  t h e  program i s  
g iven  i n  P a r t  D of  t h e  Appendix .
D. R e a c t i o n s  o f  Me th ano l i c  S o l u t i o n s  o f  Rare E a r t h  Bromides  
and Ammonium F l u o r i d e .
R e a c t i o n s  o f  s o l u t i o n s  o b t a i n e d  from b r o m i n a t i o n  o f  
t h e  r a r e  e a r t h  m e t a l s  i n  me thano l  w i th  s a t u r a t e d  s o l u t i o n s  
o f  ammonium f l u o r i d e  i n  mBthanol  a f f o r d e d  d i f f e r e n t  p r o d u c t s  
f o r  d i f f e r e n t  mo la r  r a t i o s  o f  t h e  r e a c t a n t s  and f o r  d i f f e r e n t  
m e t a l s  u s e d .  The method by which t h e  p r o d u c t s  were r e c o v e r e d  
from t h e  r e a c t i o n  m ix tu r e  was a l s o  an i m p o r t a n t  f a c t o r  i n  t h e  
o b t a i n i n g  o f  purB p r o d u c t s .
R e a c t i o n s  u s i n g  ammonium f l u o r i d e s e r b i u m  bromide mo­
l a r  r a t i o s  o f  l t l ,  2 11,  3 i l ,  4 i l ,  5 i l ,  6 i l ,  l O i l ,  and 2 5 t l  
were c a r r i e d  o u t .  I t  was found  t h a t  no s o l i d  p r o d u c t  i s  p r e ­
c i p i t a t e d  from t h e  r e a c t i o n  m i x t u r e  when t h e  r a t i o  i s  l e s s  
t h an  4 t l ,  and a t  l e a s t  a 6 i l  r a t i o  i s  n e c e s s a r y  i n  o r d e r  t o  
o b t a i n  a good c r y s t a l l i n e  p r o d u c t .  A p r o g r e s s i v e  i n c r e a s e
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i n  n i t r o g e n  c o n t e n t  i s  ob se r ved  a s  t h e  r a t i o  i s  i n c r e a s e d  
from 4 i l  t o  G i l ;  a f u r t h e r  i n c r e a s e  i n  t h e  r a t i o  does  no t  
change t h e  c o m p o s i t i o n  o f  t h e  s o l i d .  In  r e g a r d  t o  t h e s e  
f i n d i n g s ,  i t  i s  p e r t i n e n t  t o  n o t e  t h e  r e s u l t s  o f  I vanov-Emin 
.st  a l . » , ^  uiho s t u d i e d  t h e  sy s t ems  LnC^-AF-h^O (Ln * Er ,  Yt 
Luj A s  Na, K, Rb, C s ) ,  They found t h a t  r e a c t i o n  i n  t he  
sy s t em s  depended upon t h e  components  and on t h e i r  r a t i o s  
AFtLnCl^j  a l s o ,  t h e  a p p e a ra n c e  o f  t h e  s o l i d  phase  was c r y ­
s t a l l i n e  a t  r a t i o s  £5 »1 ,  whereas  a t  l ower  r a t i o s  t h e  s o l i d  
phase  was amorphous .  I n c r e a s i n g  t h e  r a t i o  up t o  l O s l  d id  
not s i g n i f i c a n t l y  a l t e r  t h e  c o m p o s i t i o n  o f  t h e  s o l i d  ph a se .
R e a c t i o n s  of  l a n t h a n i d e  b ro mide /me than o l  s o l u t i o n s  
wi th  s a t u r a t e d  ammonium f l u o r i d e / m e t h a n o l  s o l u t i o n s  f o r  t h e  
m e t a l s  y t t r i u m ,  l an thanum,  praseodymium,  samar ium,  g a d o l i n i u m ,  
dysp ros ium,  holmium, and erbium were c a r r i e d  ou t j  ammonium 
f l u o r i d e i l a n t h a n i d e  bromide  mo la r  r a t i o s  u sed  were 6- I O 1I .
I n  a l l  c a s e s  s o l i d  p r o d u c t s  were i s o l a t e d )  however ,  p r o d u c t s  
o f  d i f f e r e n t  s t o i c h i o m e t r i c  c o m p o s i t i o n  were o b t a i n e d  de­
pend ing  upon t h e  me ta l  u s e d .  The m e t a l s  o f  s m a l l e r  i o n i c  
r a d i u s  ( s e e  Tab l e  X I I ,  p 51) formed compounds which were 
more s t a b l e  t o  d e co m pos i t i on  i n  wa t e r  o r  m e t h a n o l .  I n deed ,  
wi th  l an thanum,  t h e  l a r g e s t  i on  i n  t h e  s e r i e s ,  i t  was impos­
s i b l e  t o  o b t a i n  an ammonium f l u o r o l a n t h a n a t e  by t h i s  syn­
t h e t i c  method.  R e a c t i o n  of  m e t h a n o l i c  s o l u t i o n s  o f  l an thanum 
bromide and ammonium f l u o r i d e  mere ly  r e s u l t e d  i n  t h e  p r e c i p i ­
t a t i o n  of  l an thanum t r i f l u o r i d B .  Th i s  i s  i n  l i n e  wi th  t h e  
g e n e r a l  o b s e r v a t i o n s  t h a t  t h e  t en de n cy  t owa rds  complex fo r m a t i o n
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Tab le  XII
E f f e c t i v e  I o n i c  R ad i i  o f  Ln^ 4 I o n s  ( i n  A)^
Sc 0 . 7 3
Y 0 . 8 9
La 1 . 0 6
Pr 1 . 0 1
Sm 0 ,9 6
Gd 0 . 9 4
Dy 0 ,91
Ho 0 .89
Er 0 , 8 8
r i s e s  uuith i n c r e a s e  i n  t h e  a tomic  number o f  t h e  l a n t h a n i d e  
m e t a l  , 2 * and t h a t  t h e r e  i s  an i n c r e a s e  i n  complex s t a b i l i t y  
w i t h  d e c r e a s i n g  s i z e  o f  Ln , Fo r  t h e  m e t a l s  o f  s m a l l e r  
i o n i c  r a d i u s  ( y t t r i u m ,  d y s p r o s i u m ,  holmium,  erb ium f o r  t h i s  
p a r t i c u l a r  t y p e  o f  r e a c t i o n ) ,  i t  was p o s s i b l e  t o  p r e p a r e  
compounds o f  t h e  c o m p o s i t i o n  ( N H ^ ^ L n j F ^  *1^0.  For  t h e  l a r ­
g e r  c a t i o n s ,  e x c l u d i n g  l an thanum (p r a seodymium,  samar ium,  
g a d o l i n i u m  i n  t h i s  s t u d y ) ,  compounds o f  d i f f e r e n t  s t o i c h i o ­
m e t r i e s  uuerB o b t a i n e d .
On t h e  b a s i s  o f  d i f f e r e n c e s  i n  t h e  s o l u b i l i t i e s  o f  
many s p e c i f i c  l a n t h a n i d e  s a l t s ,  t h e  l a n t h a n i d e  s e r i e s  i s  com­
monly s u b d i v i d e d  i n t o  two g r o u p s ,  t h e  c e r i u m  group c o m p r i s i n g  
e l e m e n t s  o f  a t o m i c  numbers  57-62 and t h e  y t t r i u m  g roup  com­
p r i s i n g  e l e m e n t s  o f  a t o m i c  numbers  39,  6 3 - 7 1 .  In  r e g a r d  t o
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t h e  above f i n d i n g s ,  I t  i s  a p p a r e n t  t h a t  t h i s  s u b d i v i d i n g  i s  
a l s o  a p p r o p r i a t e  i n  t h e  c a s e  o f  t h e  ammonium f l u o r o l a n t h a n a t e s .  
However,  i t  must  be p o i n t e d  ou t  t h a t  d i f f e r e n c e s  between t h e  
two g r oups  a r e  n o t  c o m p l e t e l y  c l e a r - c u t )  one group g r a d u a l l y  
sh a d es  i n t o  t h e  o t h e r .
I t  must  be no t ed  t h a t  s i z e  o f  l a n t h a n i d e  i on  a l o n e  
i s  p r o b a b l y  n o t  t h e  only  f a c t o r  i n  d e t e r m i n i n g  s t a b i l i t i e s  
and t y p e s  of  s t o i c h i o m e t r i e s  and s t r u c t u r e s  f ound  f o r  
A*— Ln***— F compounds i n  g e n e r a l .  B a b e l , i n  a r ev i e w  o f  
t h e  s t r u c t u r a l  c h e m i s t r y  o f  t r a n s i t i o n  me ta l  f l u o r o c o m p l e x e s ,  
n o t e s  t h a t  compounds h av ing  t h e  same fo rmula  t y p e  n e v e r  adop t  
t h e  same s t r u c t u r e  t ype  or  a t  l e a s t  t h e  same c o o r d i n a t i o n  num­
be r  f o r  A- ions  a t  t h e  ex t r e m e s  of  t h e  s i z e  r a n g e .  Kemmitt  
59e t  a l . have a l s o  s u g g e s t e d ,  f o r  complex f l u o r i d e s  o f  t h e  
g e n e r a l  f ormula  A*ft)Vg, t h a t  t h e  majo r  f a c t o r  c o n t r o l l i n g  t h e  
s t r u c t u r e  o f  t h e  complex i s  t h e  i o n i c  r a d i u s  o f  t h e  c a t i o n  A, 
They found t h a t  v a r i a t i o n  i n  t h e  s i z e  of  ft] had  only a ve ry  
sm a l l  e f f e c t .  However,  t h e  i o n s  ft! i n  t h e  compounds i n c l u d e d  
i n  t h e i r  s t u d y  a r e  g e n e r a l l y  s m a l l ,  whereas  t r i p o s i t i v e  l a n ­
t h a n i d e  i o n s  a r e  c o m p a r a t i v e l y  q u i t e  l a r g e  and would t h u s  be 
e x p e c t e d  to  have  a much more s i g n i f i c a n t  e f f e c t  on t h e  s t r u c ­
t u r e  o f  t h e i r  complex f l u o r i d e s .  I n  t h e  p r e s e n t  s t u d y ,  t h e  
c a t i o n  A was t h e  same f o r  a l l  compounds,  so d i f f e r e n c e s  i n  
s t o i c h i o m e t r y  o f  t h e  complexes  were due t o  t h e  d i f f e r e n c e s  i n  
l a n t h a n i d e  m e t a l  i o n s .  However,  f o r  complexes  c o n t a i n i n g  t h e  
same l a n t h a n i d e  i on  bu t  d i f f e r e n t  A i o n s ,  i t  might  be o f  i n ­
t e r e s t  t o  n o t e  an o b s e r v a t i o n  made du r ing  t h e  c o u r s e  o f  t h i s
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work.  An a t t e m p t  uias made t o  s y n t h e s i z e  p o t a s s iu m  and sodium 
f l u o r o l a n t h a n a t e s  by s u b s t i t u t i n g  sodium f l u o r i d e  and p o t a s ­
sium f l u o r i d e  f o r  ammonium f l u o r i d e  i n  t h e  r e a c t i o n  wi th  
m e t h a n o l i c  erbium b r om ide ,  I o n i c  r a d i i  o f  t h e  t h r e e  c a t i o n s  
a r e  i n  t h e  o r d e r  Na+ < K+ < NH^+ , I t  was found t h a t  no s o l i d  
f l u o r o e r b a t e  c o u l d  be o b t a i n e d  w i th  90dium i o n ,  b u t  a complex 
was i s o l a t e d  wi th  p o t a s s i u m .  Th is  po t a s s iu m  compound was 
shown by i t s  X- ray  powder  p a t t e r n  t o  be s t r u c t u r a l l y  d i f f e r ­
e n t  from t h e  ammonium f l u o r o e r b a t e  p r e p a r e d  s i m i l a r l y .  The 
e f f e c t  o f  chang ing  t h e  m o n o p o s i t i v e  i on  w h i l e  h o l d i n g  t h e  
l a n t h a n i d e  ion c o n s t a n t  was examined i n  on ly  a c u r s o r y  way, 
but  p r e l i m i n a r y  r e s u l t s  seem to  i n d i c a t e  t h a t  bo th  o f  t h e  
met al  i o n s  i n  a l k a l i  f l u o r o l a n t h a n a t e  compounds have  an e f ­
f e c t  upon s t a b i l i t y  and s t r u c t u r e .
In  t h i s  r e s p e c t ,  i t  i s  c o n s e q u e n t l y  more v a l i d  t o  
look upon t h e  r a t i o  o f  t h e  r a d i i  o f  t h e  i o n s  A and 1*1 i n  a l k a l i  
f l u o r o m e t a l l a t e s  as  be in g  t h e  i m p o r t a n t  f a c t o r .  T h i s  r a t i o  
has  been  c o n c l u d e d ^  t o  be a d e t e r m i n i n g  f a c t o r  i n  t h e  t y p e s  
of  s t o i c h i o m e t r y  found f o r  a l k a l i  f l u o r o m e t a l l a t e s  o f  t r a n s i ­
t i o n  m e t a l s  o f  o x i d a t i o n  s t a t e s  I I  t o  V, For  t h e  compounds 
p r e p a r e d  i n  t h e  p r e s e n t  work,  t h e  r a d i u s  r a t i o  changes  s o l e l y  
due t o  changes  i n  l a n t h a n i d e  i o n j  however ,  t h e  f a c t  t h a t  d i f ­
f e r e n t  s t o i c h i o m e t r i e s  a r e  found f o r  d i f f e r e n t  v a l u e s  o f  t h i s  
r a t i o  i s  i n  agr eement  w i th  t h i s  g e n e r a l  o b s e r v a t i o n .
Recovery of  t h e  ammonium f l u o r o l a n t h a n a t e  p r o d u c t s  
from t h e  r e a c t i o n  m i x t u r e s  a l s o  was a f a c t o r  i n  o b t a i n i n g  
pure  compounds .  The ammonium f l u o r o l a n t h a n a t e s ,  a s  o r i g i n a l l y
54
p r e c i p i t a t e d ,  ware a l l  v e ry  g e l a t i n o u s  s o l i d s ,  t h u s  making 
f i l t r a t i o n  d i f f i c u l t .  Bromide i o n  from t h e  r e a c t i o n  o f  t h e  
e x c e s s  bromine p r e s e n t  wi th  ammonium i o n ^  and any ammonium 
bromide p roduced  from t h e  r e a c t i o n  o f  ammonium i o n  ( i n  e x c e s s  
o f  t h a t  u se d  t o  form t h e  complex)  wi th  t h e  bromide i on  p r e ­
s e n t  i n  t h e  m i x t u r e  had t o  be removed from t h e  d e s i r e d  ammo­
nium f l u o r o l a n t h a n a t e .  T h i s  was a cc om pl i s he d  by r e p e a t e d  
wash ings  w i t h  sm a l l  amounts  o f  m e t h a n o l .  P ro lo n ge d  washing 
or  use  of  c o p i o u s  amounts  o f  me thano l  was a v o i d e d ,  beca use  
t h e  ammonium f l u o r o l a n t h a n a t e s  decomposed i n  a g r e a t  e x c e s s  
o f  m e t h a n o l .  A f t e r  a l l  bromide had been removed from t h e  
p r o d u c t s ,  t h ey  were washed wi th  anhyd rous  e t h e r  and d r i e d  a t  
room t e m p e r a t u r e  ove r  a s u i t a b l e  d e s i c c a n t ,  g e n e r a l l y  s i l i c a  
g e l  or  magnesium p e r c h l o r a t e .  Dry ing  a t  e l e v a t e d  t e m p e r a t u r e s  
was a l s o  a v o i d e d ,  inasmuch as  t h e  p r o d u c t s  l o s t  ammonium f l u o ­
r i d e  upon h e a t i n g .
A l l  o f  t h e  ammonium f l u o r o l a n t h a n a t e s  p r e p a r e d  by t h i s  
method were s t a b l e  i n  a i r  ove r  long p e r i o d s  o f  t i m e .  The com­
pounds were of  t h e  c o l o r  c h a r a c t e r i s t i c  o f  t h e  t r i p o s i t i v e  
l a n t h a n i d e  i o n s i  compounds of  c o l o r l e s s  l a b t h a n i d e  i o n s  were 
w h i t e .  The compounds decomposed i n  wa t e r  and were v i r t u a l l y  
i n s o l u b l e  i n  common o r g a n i c  s o l v e n t s  and d i l u t e  a c i d s .  The 
compounds were d i f f i c u l t l y  s o l u b l e  i n  c o n c e n t r a t e d  hyd ro ­
c h l o r i c  o r  s u l f u r i c  a c i d s  and were m o d e r a t e l y  s o l u b l e  i n  a 
m i x t u r e  o f  n i t r i c  a c i d  and b o r i c  a c i d .
E l e m e n t a l  a n a l y s e s  o f  t h e  ammonium f l u o r o l a n t h a n a t e s  
p roved  t o  be a d i f f i c u l t  t a s k .  A c cu r a t e  m e t a l  a n a l y s e s  c o u l d
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n o t  be o b t a i n e d  by a tom ic  a b s o r p t i o n ,  f l ame  e m i s s i o n ,  EDTA 
t i t r a t i o n ,  o r  a s h i n g .  I t  was p o s s i b l e  t o  d e t e r m i n e  t h e  m e t a l s  
by a g r a v i m e t r i c  procedure ' **  i n v o l v i n g  d i s s o l u t i o n  o f  sample  
i n  s u l f u r i c  o r  h y d r o c h l o r i c  a c i d ,  d i l u t i o n  t o  a pH o f  1 ,  p r e ­
c i p i t a t i o n  a s  t h e  o x a l a t e ,  and i g n i t i o n  t o  t h e  o x i d e .  Th i s  
method gave a c c u r a t e  r e s u l t s ,  so l ong  a s  d i s s o l u t i o n  o f  a l l  
o f  t h e  l a n t h a n i d e  m e t a l  was a c c o m p l i s h e d ,  i n  l i g h t  o f  t h e  
compounds '  be in g  d i f f i c u l t l y  s o l u b l e .  A n a l y s i s  f o r  f l u o r i d e  
was n o t  s u c c e s s f u l  u s i n g  a f l u o r i d e - i o n  e l e c t r o d e ,  o r  e i t h e r  
oxygen f l a s k  combu s t i o n  o r  p y r o h y d r o l y s i s  w i th  a v o l u m e t r i c  
f i n i s h .  F l u o r i d e  a n a l y s e s  were pe r f o r m ed  s u c c e s s f u l l y  by 
s team d i s t i l l a t i o n  o f  f l u o r o s i l i c i c  a c i d  from t h e  sample  f o l -
32lowed by o s c i l l o m e t r i c  t i t r a t i o n  w i th  t ho r i u m  n i t r a t e  s o l u t i o n .  
The p rob l ems  e n c o u n t e r e d  w i th  t h e  m e t a l  and f l u o r i d e  a n a l y s e s  
were l a r g e l y  due t o  t h e  d i f f i c u l t y  i n v o l v e d  i n  decomposing 
t h e  f l u o r o l a n t h a n a t e  p o r t i o n  o f  t h e  compounds so  t h a t  l a n -  
t h a n i d e ( l l l )  and f l u o r i d e  c o u l d  be s e p a r a t e l y  d e t e r m i n e d .
N i t r o g e n  and hydrogen  a n a l y s e s  p r e s e n t e d  no g r e a t  d i f f i c u l ­
t i e s *  n i t r o g e n  a n a l y s e s  were e a s i l y  p e r f o rm ed  by u se  o f  e i t h e r
C O
a Coleman N i t r o g e n  A n a l y z e r  o r  t h e  K j e l d a h l  method* h y d r o ­
gen a n a l y s e s  were c a r r i e d  o u t  w i th  an FAN Carbon -Hydrogen-  
N i t r o g e n  A n a l y z e r ,
Of t h e  ammonium f l u o r o l a n t h a n a t e s  p r e p a r e d  by t h e  
method u n d e r  d i s c u s s i o n ,  t h e  y t t r i u m ,  d y s p ro s iu m ,  holmium,  
and erb ium compounds were d e t e r m i n e d  by e l e m e n t a l  a n a l y s i s  
t o  be (NH^^Ln- jFj^  .HjO.  The h y d r a t e d  c o m p o s i t i o n  was f u r t h e r  
c o n f i rm e d  by t h e  p r e s e n c e  o f  i n f r a r e d  a b s o r p t i o n s  i n  t h e
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mid-1600  cm"* r e g i o n *  The HOH ben d in g  mode o f  w a t e r  o f  hy -
63d r a t i o n  g e n e r a l l y  a b s o r b s  i n  t h i s  r e g i o n *  The same h y d r a t e d  
c o m p o s i t i o n  i s  o b t a i n e d  even i f  a l l  p h a s e s  o f  t h e  s y n t h e s i s  
a r e  c a r r i e d  o u t  u n d e r  d ry  n i t r o g e n *  T r e a tm e n t  o f  t h e  m e t a l  
bromide  s o l u t i o n s  w i t h  2 , 2 - d i m e th o x y p r o p a n e  a f t e r  t h e i r  i n i ­
t i a l  p r e p a r a t i o n  a l s o  d id  no t  r e s u l t  i n  anh y d r o us  p r o d u c t s '  
b e in g  o b t a i n e d .  S i n c e  t h e  me thano l  u se d  i n  t h e  s y n t h e s e s  
was c a r e f u l l y  d r i e d , ^  i t  i s  assumed t h a t  t h e  w a t e r  p r e s e n t  
t o  form t h e  h y d r a t e  i s  p roduced  d u r i n g  t h e  c o u r s e  o f  t h e  
b r o m i n a t i o n  r e a c t i o n .
The mechanism o f  t h e  r e a c t i o n  between m e t a l s  and b r o ­
mine i n  m e t h an o l  i s  s t i l l  no t  w e l l  u n d e r s t o o d .  I t  h a s  been  
sugges t ed®^  t h a t  b r o m i n a t i o n  o f  m e t a l s  i n  p o l a r  o r g a n i c  s o l ­
v e n t s  f i r s t  i n v o l v e s  t h e  r e a c t i o n  o f  b romine  w i t h  t h e  s o l v e n t
42t o  form hyd r oge n  b r om id e .  B ak e r ,  i n  a s t u d y  of  t h e  b r om i ­
n a t i o n  of  u r an ium i n  m e t h a n o l ,  q u e s t i o n e d  t h i s  h y p o t h e s i s  and 
p o s t u l a t e d  r e a c t i o n  o f  b romine  w i th  t h e  m e t a l  a s  t h e  f i r s t  
s t e p  i n  t h e  r e a c t i o n  mechani sm.  However ,  hyd r oge n  bromide  
was shown t o  be formed by r e a c t i o n  o f  me thano l  w i th  t h e  u r a ­
nium b romides  formed i n i t i a l l y .  I f  hy d rogen  bromide  i s
formed ,  t h e n  w a t e r  would be p rod uced  by r e a c t i o n  o f  hydrogen
fi5bromide  w i th  m e t h a n o l .
S e v e r a l  a p p r o a c h e s  t o  i n h i b i t i n g  t h e  r e a c t i o n  o f  hy ­
d rogen  bromide  w i th  me th ano l  t o  form w a t e r  were s u c c e s s f u l l y
employed i n  t h e  b r o m i n a t i o n s  o f  n iob ium and t a n t a l u m  i n  math-  
42a n o l t  t h e  u s e  o f  e x c e s s  b r o m in e ,  r a p i d  a d d i t i o n  o f  t h e  
b romine  t o  t h e  r e a c t i o n  m i x t u r e ,  and t h e  immed ia t e  u se  o f  t h e
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b r o m i n a t i o n  s o l u t i o n  i n  s u b s e q u e n t  r e a c t i o n s .  These  a p p r o a c h e s
d id  n o t  r e s u l t  i n  a n h y d ro u s  ammonium f l u o r o m e t a l l a t e s  when
a p p l i e d  t o  t h e  p r e p a r a t i o n  o f  t h e  l a n t h a n i d e  compounds .
Fo rm a t io n  o f  h y d r a t e d  l a n t h a n i d e  complexes  from non-
66aquBous media ha s  a l s o  been  found by L,  J ,  B a s i l e  e t  a l . ,  
who r e p o r t e d  t h e  s y n t h e s i s  o f  t B t r a h y d r a t e d  8- a m i n o q u i n o l i n e  
complexes  o f  neodymium and  g a d o l i n i u m .  The complexes  were 
p r e p a r e d  from t h e  r e a c t i o n  o f  an h y d ro u s  m e t a l  b romides  wi th  
t h e  l i g a n d  i n  a b s o l u t e  e t h a n o l .  No e x p l a n a t i o n  was o f f e r e d
a s  t o  t h e  s o u r c e  of  t h e  w a t e r  o f  h y d r a t i o n *  however ,  B a s i l e
67ha s  s u g g e s t e d  t h a t  t h e  a b s o l u t e  e t h a n o l  p i c k e d  up w a t e r  
from t h e  a i r ,  s i n c e  no p r e c a u t i o n s  were t a k e n  t o  keep  t h e  
e t h a n o l  a n h y d r o u s ,
X-Ray d i f f r a c t i o n  d a t a ,  t h e r m a l  d e c o m p o s i t i o n  s t u d i e s ,  
and i n f r a r e d  s p e c t r a  o f  t h e  (NH4 ) 2Ln3 F n  * ^ 0  compounds o f  
y t t r i u m ,  d y s p r o s i u m ,  holmium,  and e rb iu m ,  p r e p a r e d  by t h e  
above  s y n t h e t i c  method ,  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c ­
t i o n ,
E , Ammonium U n d e c a f l u o r o t r i l a n t h a n a t e ( l I I  ) f f l onohydra tes .
Ammonium u n d e c a f l u o r o t r i l a n t h a n a t e ( I I I ) m o n o h y d r a t e s ,  
(NH4 ) 2Ln3F l l * H2 ^ f 11,01,0 p r e p a r e d  f o r  t h e  m e t a l s  y t t r i u m ,  dys ­
p r o s i u m ,  holmium,  and e r b i u m .
These  compounds were  a l l  p r e p a r e d  by t h e  s y n t h e t i c
method d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n  (p p  5 0 - 5 1 ) ,  and
s p e c i f i c  p r e p a r a t i o n s  o f  each compound have  a l s o  been  d e s ­
c r i b e d  e a r l i e r  ( S e c t i o n  I I , D , ) .  The y t t r i u m  and dysp ro s iu m
compounds a r e  w h i t e ,  t h e  holmium compound i s  p e a c h - c o l o r e d ,
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and t h e  erbium compound i s  p i n k .  A l l  o f  t h e s e  compounds a r e  
s t a b l e  i n  a i r  bu t  decompose i n  u ia ter  and e x c e s s  me thano l  and 
upon h e a t i n g .  They a r e  i n s o l u b l e  i n  most  s o l v e n t s ,  wi th  t he  
e x c e p t i o n  of  c o n c e n t r a t e d  s u l f u r i c  and h y d r o c h l o r i c  a c i d s  or  
a m i x t u r e  o f  n i t r i c  and b o r i c  a c i d s .
X-Ray powder p a t t e r n s  were o b t a i n e d  f o r  t h e  f o u r  com­
pounds .  The powder d a t a  a r e  p r e s e n t e d  i n  T a b l e s  XI11—XV/I i n  
S e c t i o n  A o f  t h e  Appendix .  The powder p a t t e r n s  showed t h a t  
t he  f o u r  compounds a r e  a l l  i s o s t r u c t u r a l , i . e . .  have  s i m i l a r  
a r r a n g em e n t s  o f  a toms w i t h i n  t h e i r  p a r t i c u l a r  u n i t  c e l l s .  
F lu o r ocomplexes  hav ing  c a t i o n s  o f  s i m i l a r  s i z e  q u i t e  o f t e n  
a r e  found t o  be i s o s t r u c t u r a l ,  and t h e s e  a r e  no e x c e p t i o n .
The m e t a l  i o n s  i n  t h e s e  compounds a r e  of  n e a r l y  e q u a l  s i z e ,  
wi th  a d i f f e r e n c e  i n  i o n i c  r a d i u s  o f  only  0 .0 3  A between t h e  
l a r g e s t  and t h e  s m a l l e s t  ( s e e  T ab l e  XI I ,  p 5 1 ) ,
The c h a r a c t e r i s t i c  i n f r a r e d  a b s o r p t i o n s  o f  t h e  f o u r  
compounds a r e  r e p o r t e d  i n  Tabl e  IX,  p 35,
The t h e r m a l  d e co m p os i t i on  o f  t h e s e  compounds i n  a 
he l i um a tmosphe re  was s t u d i e d  by b o t h  d i f f e r e n t i a l  t h e r m a l  
a n a l y s i s  ( d t a )  and t h e r m o g r a v i m e t r i c  a n a l y s i s  ( t g a ) .  The d i f ­
f e r e n t i a l  thermograms f o r  t h e  compounds a r e  shown i n  F i g u r e  
2 , p 24 |  peak t e m p e r a t u r e s  and t h e  t e m p e r a t u r e  r a n g e s  i n v e s ­
t i g a t e d  a r e  t a b u l a t e d  i n  Tab l e  I I I ,  p 25 .
In any d i s c u s s i o n  o f  d t a  s t u d i e s ,  i t  i s  i m p o r t a n t  t o  
bea r  i n  mind t h e  f a c t  t h a t ,  u n l i k e  t h a t  from many p h y s i c a l  
methods ,  d t a  d a t a  a r e  n o t  s t a n d a r d i z e d )  many f a c t o r s  a f f e c t  
t h e  d i f f e r e n t i a l  c u r v e s .  Some o f  t h e s e  f a c t o r s  are^®*®^ s i z e
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and shape  o f  t h e  f u r n a c e ,  f u r n a c e  a t m o s p h e r e ,  n a t u r e  o f  t h e  
sample  h o l d e r ,  sample  pa c k i n g  and p r e p a r a t i o n ,  h e a t i n g  r a t e ,  
sample  p a r t i c l e  s i z e ,  and  speed  and r e s p o n s e  o f  t h e  r e c o r d i n g  
d e v i c e .  S t a n d a r d i z a t i o n  o f  t h e s e  v a r i a b l e s  ha s  n o t  been  a c ­
c o m p l i s h e d ,  t h u s  d t a  r e s u l t s  a r e  g e n e r a l l y  no t  v e r y  r e p r o d u ­
c i b l e  f rom one l a b o r a t o r y  t o  a n o t h e r .  Even when d t a  d a t a  f o r  
a s e r i e s  o f  compounds a r e  o b t a i n e d  from t h e  same i n s t r u m e n t ,  
co m p a r i s o n s  be tween  d t a  r e s u l t s  f o r  compounds i n  t h e  s e r i e s  
a r e  v a l i d  o n l y  when o p e r a t i n g  c o n d i t i o n  v a r i a b l e s  such a s  
f u r n a c e  a t m o s p h e r e ,  h e a t i n g  r a t e ,  e t c . ,  a r e  i d e n t i c a l .
In  s t u d y i n g  t h e  t h e r m a l  d e c o m p o s i t i o n  of  t h e  
( NH^JjLn^F^1 compounds,  t h e  o p e r a t i n g  c o n d i t i o n s  were 
t h e  same f o r  a l l  r u ns  ( w i t h  onB minor  e x c e p t i o n  which w i l l  
be n o t e d ) ,  and i t  i s  t h e r e f o r e  p o s s i b l e  t o  compare d i r e c t l y  
t h e i r  d t a  c u r v e s  wi th  r e s p e c t  t o  peak t e m p e r a t u r e s  and  r e l a ­
t i v e  s i z e s  and sh a p es  o f  c u r v e s .  On each t he rmogram,  any 
change  i n  d t a  ba se  l i n e  a f t e r  a peak i s  due t o  a change  i n  
t h e r m a l  c o n d u c t i v i t y  o f  t h e  s amp le  a f t e r  t h e  t r a n s f o r m a t i o n  
ha s  o c c u r r e d .  T e m p e r a t u r e s  m en t i o n ed  i n  t h e  f o l l o w i n g  d i s ­
c u s s i o n  a r e  t h o s e  o f  t h e  peak maxima.
As w i t h  d t a ,  t g a  r e s u l t s  a r e  a l s o  a f f e c t e d  by a num-
7 0b e r  o f  f a c t o r s .  These  i n c l u d e  bo th  i n s t r u m e n t a l  f a c t o r s  
and sample  c h a r a c t e r i s t i c s .  Some o f  t h e  fo r m er  a r e  h e a t i n g  
r a t e ,  c h a r t  s p e e d ,  f u r n a c e  a t m o s p h e r e ,  geome t ry  o f  t h e  sample  
h o l d e r ,  and r e c o r d e r  s e n s i t i v i t y *  some o f  t h e  l a t t e r  a r e  
amount  o f  s a m p le ,  p a r t i c l e  s i z e ,  h e a t  o f  r e a c t i o n ,  n a t u r e  o f  
t h e  s a m p l e ,  and t h e r m a l  c o n d u c t i v i t y .  I n  t h e  p r e s e n t  s t u d y
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many o f  t h e  above  f a c t o r s  arB f i x e d  mere ly  t h r o u g h  u se  o f  t h e  
same i n s t r u m e n t  f o r  a l l  r u n s  and be c a u se  o f  t h e  f a c t  t h a t  t h e  
compounds s t u d i e d  a r e  v e r y  s i m i l a r  t o  one a n o t h e r .  O the r  
f a c t o r s  which a r e  v a r i a b l e  uiere c o n t r o l l e d  a s  much as  p o s s i b l e  
so t h a t  t h e  t g a  r e s u l t s  f o r  t h e  s e r i e s  o f  compounds c o u l d  be 
v a l i d l y  compa red .  The t g a  d a t a  f o r  t h e  (NH^^Ln- jFj^  * ^ 0  com­
pounds a r e  r e p o r t e d  i n  Tab l e  M l , p 31 ,
C o r r e l a t i o n  of  d t a  and t g a  r e s u l t s  i s  ve ry  u s e f u l  s i n c e  
i t  p e r m i t s  i d e n t i f i c a t i o n  o f  what  i s  i n v o l v e d  i n  e ach  s t e p  o f  
a t h e r m a l  d e c o m p o s i t i o n .  C o r r e s po n de nc e  be tween  number o f  
b r e a k s  i n  t h e  t g a  c u rv e  and number o f  peaks  i n  t h e  d t a  c u r v e  
i s  more i m p o r t a n t  t h a n  c l o s e  ag r e em e n t  wi th  r e s p B c t  t o  tem­
p e r a t u r e ,  There  i s  a lways  some d i s c r e p a n c y  i n  t e m p e r a t u r e  
be tween a b r ea k  i n  a t g a  c u r v e  and i t s  c o r r e s p o n d i n g  d t a  pe ak ,  
due t o  d i f f e r e n c e s  i n  e x p e r i m e n t a l  c o n d i t i o n s .  F i g u r e  5 o f  t h e  
y t t r i u m  compound ' s  d e c o m p o s i t i o n  e x e m p l i f i e s  t h e  k ind  o f  c o r ­
r e l a t i o n  found be tween  t h e  c u r v e s  o b t a i n e d  by d t a  and t g a  f o r  
t h e s e  compounds.
Some g e n e r a l  o b s e r v a t i o n s  can  be made r e g a r d i n g  t h e  
t h e r m a l  d e c o m p o s i t i o n s  of  t h e  f o u r  compounds .  There  i s  a
d e c r e a s e  i n  t h e  c o o r d i n a t i o n  number on h e a t i n g ,  an o b s e r v a -
18t i o n  which ha s  a l s o  been made by Ivanov-Emin e t  al_. f o r  t h e  
t h e r m a l  d e c o m p o s i t i o n  o f  ammonium f l u o r o s c a n d a t e s . Compar i ­
son o f  t h e  i n i t i a l  d e c o m p o s i t i o n  t e m p e r a t u r e s  g i v e n  i n  T a b l e  
I I I  w i t h  t h e  i o n i c  r a d i i  o f  t h e  l a n t h a n i d e  i o n s  g i v e n  i n  
Tab l e  XII  shows t h a t  t h e  t h e r m a l  s t a b i l i t y  o f  t h e s e  compounds 
i n c r e a s e s  wi th  d e c r e a s i n g  i o n i c  r a d i u s  o f  t h e  m e t a l .  A l s o ,
F i g u r e  5





f o r  a l l  o f  t h e s e  compounds t h e  i n i t i a l  d e c o m p o s i t i o n  s t e p  i s
d e h y d r a t i o n .  T h i s  e l i m i n a t i o n  o f  w a t e r  i s  commonly t h e  f i r s t
71e f f e c t  f o r  c r y s t a l  h y d r a t e s .  The f i n a l  d e c o m p o s i t i o n  p r o ­
duc t  u n d e r  he l i um i s  t h e  m e t a l  t r i f l u o r i d e  i n  a l l  c a s e s .  
P r e sumab ly  t h e  i n t e r m e d i a t e  compounds formed d u r i n g  thB c o u r s e  
o f  t h e  t h e r m a l  d e c o m p o s i t i o n s  c o u ld  be i s o l a t e d  w i th  c a r e f u l  
c o n t r o l  o f  t e m p e r a t u r e ,  i nasmuch a s  t h e  compounds* decompo­
s i t i o n s  o c c u r r e d  i n  a s t e p w i s e  manner .
The t h e r m a l  d e c o m p o s i t i o n  of  (NH 4^2Y3F11*H2° 
oc c u r s  i n  t h r e e  s t e p s .  The d t a  c u rv e  f o r  t h i s  compound shows 
an i n i t i a l  b road  endo the rm a t  119° ,  The t g a  c u r v e  shows a 
g r a d u a l  we ig h t  l o s s  b e g i n n i n g  a t  55° and  c u l m i n a t i n g  i n  a 
b reak  a t  16 3° ,  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  one mole  o f  w a t e r .  
Thus t h e  f i r s t  s t e p  i n  t h e  d e c o m p o s i t i o n  i s  d e h y d r a t i o n ,  l e a v ­
ing  a n h y d ro u s  (NH^)2 Y3Fn • ^ s econd  d t a  endo the rm a p p e a r s
a t  180° ,  c o r r e s p o n d i n g  t o  a s e con d  g r a d u a l  w e i g h t  l o s s  i n  
t h e  t g a  c u r v e  o v e r  t h e  t e m p e r a t u r e  r a n g e  1 6 3 - 3 0 6 ° ,  Th i s  r e ­
s u l t s  f rom th e  l o s s  o f  one mole  o f  ammonium f l u o r i d e ,  which 
l e a v e s  a compound o f  s t o i c h i o m e t r y  NH^Y-jf^g, The t h i r d  d t a  
endotherm o c c u r s  a t  311° t  t h i s  c o r r e l a t e s  w i th  t h e  t h i r d  
b r eak  i n  t h e  t g a  c u r v e  a t  3 0 5 ° ,  f o l l o w e d  by a s h a r p  d rop ,  
c o r r e s p o n d i n g  t o  t h e  l o s s  o f  t h e  s econ d  mole o f  ammonius 
f l u o r i d e .  Thus t h e  f i n a l  p r o d u c t  o f  t h e  d e c o m p o s i t i o n  i s  
y t t r i u m  t r i f l u o r i d e .
The f i r s t  e f f e c t  i n  t h e  d t a  c u r v e  o f  (NH4 ) 2Dy3F^^ * ^ 0  
i s  an endo the rm a t  69°» t h i s  c o r r e s p o n d s  w i th  a b r ea k  i n  t h e  
t g a  c u r v e  b e g i n n i n g  a t  56° and  i n d i c a t e s  t h e  l o s s  o f  one mole
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o f  wat er*  The s e co nd  d t a  endo the rm  o c c u r s  a t  159° and i s  
due t o  t h e  g r a d u a l  l o s s  o f  two mo le s  o f  ammonium f l u o r i d e  i n  
a s i n g l e  s t e p ,  a s  shown from t h e  t g a  c u r v e  where t h e  c o r r e s ­
ponding  b r e a k  o c c u r s  a t  126°* T h i s  l e a v e s  DyFg, which was 
c o n f i r m e d  by an X- r ay  powder  p a t t e r n  o f  t h e  c o o l e d  decompo­
s i t i o n  r e s i d u e .  A f t e r  t h i s  d e c l i n e ,  t h e r e  i s  a v e ry  g r a d u a l  
and  s l i g h t  d e c l i n e  on t h e  t g a  c u r v e  wi th  a m i n i s c u l e  drop  
from 3 3 0 - 3 3 7 ° .  T h i s  d r op  a t  3 3 0° ,  c o r r e s p o n d i n g  t o  a we igh t  
l o s s  o f  0.3%,  seems t o o  sma l l  t o  be o f  any s i g n i f i c a n c e .  
However ,  t h e  d t a  t hermogram s u r p r i s i n g l y  shows a s h a r p  exo­
therm a t  3 32° ,  so  t h e  t g a  drop may c o r r e l a t e  t o  some e x o t h e r m i c  
p r o c e s s ,
Of a l l  t h e  compounds examined i n  t h i s  s t u d y ,  t h i s  was 
t h e  o n l y  t i m e  an exo the rm  was o b s e r v e d .  D e h y d r a t i o n  and de­
c o m p o s i t i o n  g e n e r a l l y  p ro du ce  Bndo t hs r mic  h e a t  e f f e c t s , ^  
and t h e s e  were t h o u g h t  t o  be t h e  on ly  r e a c t i o n s  which would 
o c c u r .  S i n c e  by t h e  t i m e  t h i s  exo the rm o c c u r s ,  t h e  t r i f l u o ­
r i d e  ha s  a l r e a d y  been  formed ,  t h e  exo the rm must  r e f l e c t  some 
change  i n  o r  r e a c t i o n  i n v o l v i n g  dysp ro s ium  t r i f l u o r i d e *
Some p r o c e s s e s  known t o  p roduce  e x o t h e r m i c  e f f e c t s
72 73a r e  c r y s t a l l o g r a p h i c  t r a n s i t i o n s  and o x i d a t i o n  r e a c t i o n s .  ' 
C r y s t a l l o g r a p h i c  t r a n s i t i o n  i n  t h e  e n d - p r o d u c t  c an  i n v o l v e  
c o n v e r s i o n  from an amorphous t o  a c r y s t a l l i n e  ph a se  o r  con ­
v e r s i o n  f rom a l o w - t e m p e r a t u r e  ph a se  t o  a  h i g h - t e m p e r a t u r e  
p h a s e . I n  t h e  p r e s e n t  c a s e  t h e  sample  was s c an n e d  i n  an 
i n e r t  a t m o s p h e r e ,  so i t  i s  h i g h l y  u n l i k e l y  t h a t  t h e  exotherm 
i s  due t o  o x i d a t i o n ,  A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  e x o t h e r m i c
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e f f e c t  c o u ld  be a c o n v e r s i o n  f rom a lout- t o  h i g h - t e m p e r a t u r e  
phase*  Y t t r i u m  t r i f l u o r i d e  and t h e  t r i f l u o r i d e s  o f  samarium
*7 A
t o  l u t e t i u m  i n c l u s i v e  a r e  knouin t o  be d i m o r p h i c .  At room 
t e m p e r a t u r e  dysp ros ium t r i f l u o r i d e  i s  o r t h o r h o m b i c ; t h e  h i g h -
*7 A
t e m p e r a t u r e  m o d i f i c a t i o n  p o s s e s s e s  h e x ag on a l  symmet ry .
The t r a n s i t i o n  t e m p e r a t u r e ,  o r t h o r h o m b i c ? ^  h e x a g o n a l ,  i s  r e -
*7 C
p o r t e d  t o  be 1030° j  t h e  t r a n s i t i o n  t e m p e r a t u r e s  f o r  t h e  
o t h e r  t h r e e  m e t a l  t r i f l u o r i d e s  i n v o l v e d  h e r e  a r e  h i g h e r  t h a n  
t h i s .  The g r e a t  d i s c r e p a n c y  be tween t h e  l i t e r a t u r e  t r a n s i ­
t i o n  t e m p e r a t u r e  and t h e  d t a  exo the rm  o b s e r v e d  i n  t h e  p r e s e n t
s t u d y  c a s t s  doubt  on t h i s  e x p l a n a t i o n .  I n  t h e  p r e s e n t  s t u d y
7 5t h e  sample  was unde r  he l i um and i n  t h e  o t h e r  t h e  sample  was
i n  vacuum} p o s s i b l y  t h e  d i f f e r e n c e  i n  f u r n a c e  a t m o sp h e r e  ha s
7 6some e f f e c t .  I t  i s  w e l l  known t h a t  f u r n a c e  a tm o s p h e r e  ha s  
a marked e f f e c t  on d t a  c u r v e s  f o r  c e r t a i n  t h e r m a l  r e a c t i o n s  
( o x i d a t i o n ,  t h o s e  i n  which a ga s  i s  i n v o l v e d ) }  whe th e r  t h e  
d i f f e r e n c e  i n  a t m o s p h e r e  c o u l d  r e s u l t  i n  such  a  p ronounced  
t e m p e r a t u r e  d i f f e r e n c e  i n  t h e  p r e s e n t  c a s e  i s  r a t h e r  d o u b t f u l .  
The d e c o m p o s i t i o n  o f  (NH^^HogF-Q *1^0 o c c u r s  i n  f o u r  
s t e p s .  The f i r s t  s t e p  i s  a g a i n  t h e  l o s s  o f  a mole  o f  w a t e r ,  
l e a v i n g  a n h y d ro u s  (NH^^HogFj^^, The d t a  endo the rm  f o r  t h i s  
e f f e c t  o c c u r s  a t ,  61°  and c o r r e s p o n d s  t o  a b r e a k  i n  t h e  t g a  
c u r v e  a t  5 0 ° ,  The s e con d  d t a  endo the rm has  i t s  maximum a t  
204°  and c o r r e l a t e s  w i th  a we ig h t  l o s s  i n  t h e  t g a  c u rv e  a t  
178°  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  one mole o f  ammonium f l u o ­
r i d e ,  l e a v i n g  a compound o f  s t o i c h i o m e t r y  NH4H0 3 FJQ, The 
f o r m a t i o n  o f  NH4H03F1 Q has  been s u g g e s t e d  by Z a l k i n  and
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77Tem ple to n  i n  a r e p o r t  on t h e  s t r u c t u r e  d e t e r m i n a t i o n  o f  
y t t r i u m  t r i f l u o r i d e  and  o t h e r  l a n t h a n i d e  t r i f l u o r i d e s . When 
p r e p a r i n g  holmium t r i f l u o r i d e  by r e a c t i o n  o f  holmium o x i d e ,  
d i s s o l v e d  i n  d i l u t e  h y d r o c h l o r i c  a c i d  and  n e u t r a l i z e d  w i th  
ammonium h y d r o x i d e ,  w i t h  c o n c e n t r a t e d  h y d r o f l u o r i c  a c i d ,  a 
c u b i c  ph a se  was r e c o v e r e d  i n i t i a l l y *  i t  was t e n t a t i v e l y  i d e n ­
t i f i e d  a s  NH4HO3F1 0 ,
A t h i r d  d t a  peak  i n  t h e  ( N H ^ ^ H o j F n  * ^ 0  d e co m po s i ­
t i o n  h a s  i t s  maximum a t  286°  w i t h  a s h o u l d e r  a t  3 0 4 ° ,  T h i s  
f e a t u r e  h a s  i t s  t g a  c o u n t e r p a r t  a s  a g r a d u a l  w e i g h t  l o s s  be ­
g i n n i n g  a t  226°  f o l l o w e d  by a b r e a k  i n  t h e  c u r v e  a t  300°  w i th  
a s e co n d  w e i g h t  l o s s  c u l m i n a t i n g  i n  a p l a t e a u  a t  3 2 7 ° ,  Ap­
p a r e n t l y  ammonia and  h yd r og en  f l u o r i d e  a r e  l o s t  i n  s e p a r a t e  
s t e p s *  t h e  t h e o r e t i c a l  we igh t  l o s s e s  f o r  ammonia and hyd r oge n  
f l u o r i d e  a r e  q u i t e  s i m i l a r ,  and t h e  two o b s e r v e d  w e i g h t  l o s s e s  
a r e  o f  n e a r l y  e q u a l  m a g n i t u d e ,  so  i t  i s  i m p o s s i b l e  t o  s a y  w i t h  
c e r t a i n t y  which  s u b s t a n c e  c o r r e l a t e s  w i t h  which w e i g h t  l o s s .  
The two w e i g h t  l o s s e s  t a k e n  t o g e t h e r  a r e  e q u i v a l e n t  t o  t h e  
l o s s  o f  a mole  o f  ammonium f l u o r i d e .  The f i n a l  p r o d u c t  i s  
holmium t r i f l u o r i d e .
The d e c o m p o s i t i o n  o f  * ^ 0  i n i t i a l l y  i n ­
v o l v e s  t h e  l o s s  o f  one mole o f  w a t e r ,  l e a v i n g  *
The d t a  endo the rm  f o r  t h i s  h a s  i t s  peak  maximum a t  115°* t h e  
c o r r e s p o n d i n g  b r e a k  i n  t h e  t g a  c u r v e  i s  v e r y  s l i g h t  and  b e g i n s  
a t  7 7 ° ,  I n  t h e  s e c o n d  and  f i n a l  d e c o m p o s i t i o n  s t e p ,  two m o le s  
o f  ammonium f l u o r i d e  a r e  l o s t  s i m u l t a n e o u s l y *  t h e  t g a  c u r v e  
shows t h i s  l o s s  t o  be g r a d u a l  o v e r  t h e  t e m p e r a t u r e  r a n g e
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1 8 7 - 3 1 7 ° ,  t h e n  r a p i d  f rom 3 1 7 - 3 3 8 ° ,  The d t a  t e m p e r a t u r e  f o r  
t h i s  s t e p  I s  3 1 6 ° ,  The d e c o m p o s i t i o n  r e s i d u e  i s  e rb iu m t r i ­
f l u o r i d e ,  Thus no i n t e r m e d i a t e  compound o f  c o m p o s i t i o n  
IMH^Er-jP^Q i s  i n d i c a t e d  by t h e s e  d a t a .  I n  t h i s  r e g a r d ,  i t  i s
o f  i n t e r e s t  t o  n o t e  t h a t  a phase  t e n t a t i v e l y  i d e n t i f i e d  a s
7 7N H ^ E ^ F j q  was r e p o r t e d  by Z a l k i n  and  T e m p l e t o n '  t o  hav e  been  
s y n t h e s i z e d  _en r o u t e  t o  e rb ium t r i f l u o r i d e .
I t  s h o u l d  be n o t e d  h e r e  t h a t ,  i n  v i s u a l  c o m p a r i s o n  o f  
t h e  F i g u r e  2 d t a  c u r v e s  f o r  ( N H ^ ^  E r 3Fl l * H2°  w i th  t h o s e  o f  
t h e  a n a l o g o u s  y t t r i u m ,  d y s p r o s i u m ,  and  holmium compounds ,  t h e  
e rb ium compound ' s  d t a  c u r v e  was o b t a i n e d  u s i n g  a d i f f e r e n t  AT 
s c a l e  t h a n  t h a t  f o r  t h e  o t h e r s  (AT e Q,D8 m v / i n ,  f o r  t h e  e r ­
bium compound,  0 , 0 2  m v / i n ,  f o r  t h e  o t h e r s ) .  Thus t h e  s i z e s  
o f  t h e  e rb iu m com p ou n d ' s  e nd o th e r m s  a r e  s m a l l e r  r e l a t i v e  t o  
t h e  o t h e r s '  p e a k s .  However ,  t h i s  s i z e  d i f f e r e n c e  i s  u n d o u b t ­
e d l y  v e ry  s l i g h t ,  s i n c e  c o m p a r i s o n  o f  t h e  e rb iu m co mpo un d ' s  
d t a  c u r v e  f o r  AT * 0 , 0 8  m v / i n ,  w i t h  one r u n  a t  AT = 0 , 2  m v / i n ,  
showBd o n l y  an a l m o s t  i m p e r c e p t i b l e  d i f f e r e n c e  i n  peak  s i z e .
The t h e r m a l  d e c o m p o s i t i o n  schemes  f o r  t h e  compounds 
( N H ^ ^ L n - j F n  ^ 2 0  a r e  summar i zed  i n  F i g u r e  6 ,
F , R e a c t i o n  o f  L a n t h a n i d e  N i t r a t e  H y d r a t e s  w i t h  Ammonium 
F l u o r i d e .
Dergunov^ h a s  r e p o r t e d  u s i n g  compounds o f  t h e  t y p e  
( NH ^s LnF g  a s  i n t e r m e d i a t e s  i n  t h e  p r e p a r a t i o n  o f  l a n t h a n i d e  
t r i f l u o r i d e s  o f  e r b i u m ,  s amar ium,  and p r a se od ym iu m.  R e a c t i o n  
o f  hy d r o g en  f l u o r i d e ,  ammonium c a r b o n a t e ,  and  l a n t h a n i d e  
n i t r a t e  r e p o r t e d l y  y i e l d e d  t h e  compounds (NH^J jLnFg,  which
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Figure 6
/ \ * Thermal  D e c o m p o s i t i o n  o f  (NH4 ) 2Ln3F1 1 *H 20 Compounds
- h2 o - nh4f - nh4f
(WH4 ) 2 Y3F i i . H 20 (NH4 ) 2 Y3F u  Nh4 y3F10 3YF3
-H2 0 -2NH4F
(NH4 ) 2Dy3F n  »H20 ^  ( NH4 ) 2 Dy3Fl l  0> 3DyF3
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- h2 c  ^ - nh4f
61°  ' ~ 204"
(NH4 ) 2Ho3F1 1 «H20 — — ^  (NH4 ) 2Ho3F11 - Orwo nh4Ho3f 10
- nh3 , hf
------------------ > 3HoF,
2 8 6 ° , 3 0 4 °
-H2 0 -2NH4F
(NH4 ) 2F r 3F1 1 'H2 0 ( NH4 ) 2E r 3Fl l  3ErF3
^ T e m p e r a t u r e s  g i v e n  a r e  d t a  peak  maxima.
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mere t h e n  h e a t e d  t o  o b t a i n  t h e  t r i f l u o r i d e s .  C o m p o s i t i o n  o f  
t h e  h e x a f l u o r o l a n t h a n a t e s  mas n o t  c o n f i r m e d  e x p e r i m e n t a l l y .
U n s u c c e s s f u l  a t t e m p t s  mere made t o  r e p r o d u c e  De rgu -  
n o v ' s  r e s u l t s .  R e a c t i o n  o f  h y d r o g e n  f l u o r i d e ,  ammonium c a r ­
b o n a t e ,  and  l a n t h a n i d e  n i t r a t e ,  and r e a c t i o n  o f  ammonium 
f l u o r i d e  mi th  e rb iu m n i t r a t e  b o t h  mere a t t e m p t e d .  I n  no 
c a s e  mas a compound o f  c o m p o s i t i o n  (NH^J^LnFg o b t a i n e d .
(NH^J^ScFg h a s  been  p r epa red *®  by d i s s o l v i n g  s candium 
o x i d e  i n  n i t r i c  a c i d  t o  form t h e  n i t r a t e ,  f o l l o w e d  by r e a c ­
t i o n  mi th  a 3G$I a q u e o u s  ammonium f l u o r i d e  s o l u t i o n ,  A s i m i ­
l a r  r e a c t i o n  u s i n g  t h e  l a n t h a n i d e s  y t t r i u m ,  l a n t h a n u m ,  p r a s e o ­
dymium, e u ro p i u m ,  g a d o l i n i u m ,  and  e rb ium d i d  no t  p r o d u c e  
(NH^) jLnFg ,  T h i s  i s  n o t  u n e x p e c t e d  i n  t h a t  s cand ium g e n e r a l l y  
d i f f e r s  f rom t h e  r a r e  e a r t h s  i n  i t s  p r o p e r t y  o f  f o r m in g  com­
p l e x  f l u o r i d e s . 7 ®
A s e r i e s  o f  r e a c t i o n s  mas r u n ,  u s i n g  30$ ( m / v )  aq ueo us  
ammonium f l u o r i d e  s o l u t i o n s  and  l a n t h a n i d e  n i t r a t e  p r e p a r e d  
v a r i o u s l y  f rom t h e  m e t a l  o r  t h e  m e t a l  o x i d e .  Use o f  t h e  
m e t a l  o x i d e  a s  s t a r t i n g  m a t e r i a l  g e n e r a l l y  y i e l d e d  compounds 
o f  r e l a t i v e l y  h i g h  n i t r o g e n  c o n t e n t ,  i n d i c a t i v e  o f  ammonium 
f l u o r i d e  c o n t a m i n a t i o n  o f  t h e  ammonium f l u o r o l a n t h a n a t e  p r o ­
d u c e d .  Homever ,  mhen t h e  l a n t h a n i d e  n i t r a t e  h y d r a t e  mas 
p r e p a r e d  f rom t h e  m e t a l  and  n i t r i c  a c i d ,  s u b s e q u e n t  r e a c t i o n  
o f  t h e  n i t r a t e  mi th  a  30$ a q u eo us  ammonium f l u o r i d e  s o l u t i o n  
y i e l d e d  (NH^ * ^ 0  f o r  t h e  m e t a l s  f o r  mhich t h i s  method 
mas u s e d  ( y t t r i u m ,  l a n t h a n u m ,  p r a seodymium,  s amar ium,  and 
e r b i u m ) .
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Many o f  t h e  g e n e r a l  r em a r ks  made i n  S e c t i o n  I I I . E ,  
a b o u t  t h e  (NH^^Ln- jF 'H2 0 compounds a r e  a l s o  a p p l i c a b l e  h e r e .  
S p e c i f i c a l l y ,  t h e  o b s e r v a t i o n s  a b o u t  s o l u b i l i t y ,  s t a b i l i t y  
i n  a i r ,  a n a l y s e s ,  and  p r e s e n c e  o f  i n f r a r e d  HDH ben d in g  a b ­
s o r p t i o n s  a r e  a l l  e q u a l l y  p e r t i n e n t  t o  t h e  (NH4 ) 3Ln2Fg*H2 0 
compounds ,  so t h e s e  comments  u i i l l  n o t  be r e p e a t e d  h e r e .  
S p e c i f i c  m e n t i o n  o f  v a r i o u s  p r o p e r t i e s  o f  e ach  compound w i l l  
be i n c l u d e d  i n  t h e  f o l l o w i n g  s e c t i o n  which d e a l s  w i t h  t h e  
X - r a y  d i f f r a c t i o n  d a t a ,  t h e r m a l  d e c o m p o s i t i o n  s t u d i e s ,  and 
i n f r a r e d  s p e c t r a  o f  t h e  (NH^) jLn2Fg»H20 compounds ,
G , Ammonium N o n a f l u o r o d i l a n t h a n a t e C l I I ) f f lonohydrates  ,
Ammonium n o n a f l u o r o d l l a n t h a n a t e ( I I I ) m o n o h y d r a t e s ,  
(NH^J^LnjFg»H2 0 , were  p r e p a r e d  by t h e  s y n t h e t i c  method  d e ­
s c r i b e d  above  ( p  6 6 ) f o r  t h e  m e t a l s  y t t r i u m ,  l a n t h a n u m ,  
p r a seodymium,  s am ar iu m,  and  e r b i u m .  S p e c i f i c  p r e p a r a t i o n s  
o f  e ach  compound have  a l s o  been  d e s c r i b e d  e a r l i e r  ( S e c t i o n  
I I . E . ) .
The y t t r i u m ,  l a n t h a n u m ,  and samar ium compounds a r e  
a l l  w h i t e ;  t h e  pr aseodymium compound i s  l i g h t  g r e e n ,  and  t h e  
e rb iu m  compound i s  p i n k .  The l an t h an u m  compound i s  a p p r e ­
c i a b l y  h y g r o s c o p i c .  A l l  o f  t h e  compounds a r e  d i f f i c u l t l y  
s o l u b l e  i n  c o n c e n t r a t e d  s u l f u r i c  and h y d r o c h l o r i c  a c i d s .
X-Ray powder  p a t t e r n s  were o b t a i n e d  f o r  t h e  f i v e  
compounds .  The powder  d a t a  a r e  p r e s e n t e d  i n  T a b l e s  XVII-XXI 
i n  S e c t i o n  A o f  t h e  A p p e nd ix ,  The powder  p a t t e r n s  showed 
t h a t  t h e  samar ium and  praseodymium compounds a r e  i s o s t r u c t u r a l  
and  d i f f e r e n t  f rom t h e  i s o s t r u c t u r a l  e rb iu m and y t t r i u m
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compounds .  The l an th an u m  compound i s  s t r u c t u r a l l y  d i f f e r e n t  
from a l l  o f  t h e  o t h e r s .  T h a t  t h e  e rb iu m  and y t t r i u m  com­
pounds  a r e  i s o s t r u c t u r a l  would  be e x p e c t e d ,  b e c a u s e  t h e  i o n i c  
r a d i i  o f  t h e  m e t a l s  ( s e e  T a b l e  X I I ,  p 51 )  d i f f e r  by on ly  
0 ,01  A. f r om t h e  i o n i c  r a d i i  o f  l a n t h a n u m  ( 1 . 0 6  A) ,  p r a s e o ­
dymium ( 1 , 0 1  A) and  samar ium ( 0 . 9 6  A) i t  i s  s e e n  t h a t  p r a s e o ­
dymium i s  i n t e r m e d i a t e  i n  s i z e  be tween  l an t h an u m  and  s a m ar i um .  
The l a n t h a n u m  and samar ium compounds would n o t  be e x p e c t e d  t o  
be i s o s t r u c t u r a l ,  and  t h e  d a t a  show t h a t  t h e  pr aseodymium 
compound a d o p t s  t h e  same s t r u c t u r e  a s  t h a t  o f  t h e  samar ium 
compound,  r a t h e r  t h a n  t h a t  o f  t h e  l a n t h a n u m  compound.
The c h a r a c t e r i s t i c  i n f r a r e d  a b s o r p t i o n s  o f  t h e  f i v e  
compounds a r e  r e p o r t e d  i n  T a b l e  X, p 36 .
The t h e r m a l  d e c o m p o s i t i o n  o f  t h e s e  compounds i n  a 
h e l i u m  a t m o s p h e r e  was s t u d i e d  by bo t h  d i f f e r e n t i a l  t h e r m a l  
a n a l y s i s  an d  t h e r m o g r a v i m e t r i c  a n a l y s i s .  The d i f f e r e n t i a l  
t he rmograms  f o r  t h e  compounds a r e  shown i n  f i g u r e  3 ,  p 26> 
peak  t e m p e r a t u r e s  and t h e  t e m p e r a t u r e  r a n g e s  i n v e s t i g a t e d  
a r e  l i s t e d  i n  T a b l e  IV,  p 2 7 .  The t g a  d a t a  a r e  r e p o r t e d  i n  
T a b l e  V I I ,  p 3 2 .  A r e p r e s e n t a t i v e  c o m p a r i s o n  o f  t h e  d t a  and 
t g a  c u r v e s  i s  p r o v i d e d  i n  f i g u r e  7 ,  which  i l l u s t r a t e s  t h e  
t h e r m a l  d e c o m p o s i t i o n  o f  ( NH ^J ^Y j fg * ^ 0 ,  The g e n e r a l  comments  
i n  S e c t i o n  I I I . E .  r e g a r d i n g  t h e r m a l  s t u d i e s  s h o u l d  be k e p t  
i n  mind d u r i n g  t h e  f o l l o w i n g  d i s c u s s i o n  o f  t h e  ( NH4 ) 3Ln2 Fg .H2D 
d e c o m p o s i t i o n s ,
C e r t a i n  g e n e r a l  o b s e r v a t i o n s  can  be made from t h e  
t h e r m a l  d e c o m p o s i t i o n  d a t a  o f  t h e  s e r i e s  o f  compounds .  There
F i g u r e  7
DTA and TGA Curves  f o r  (NH^)3 Y2F g *1^0
AT
Weight
l l u  1 3*0 U ‘
T e m p e r a tu r e , ° C
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i s  a d e c r e a s e  i n  c o o r d i n a t i o n  number  upon h e a t i n g .  The f i n a l  
d e c o m p o s i t i o n  p r o d u c t  i s  t h e  m e t a l  t r i f l u o r i d e  i n  a l l  c a s e s .
The f i r s t  s t e p  i n  t h e  d e c o m p o s i t i o n  o f  t h e  y t t r i u m ,  p r a s e o ­
dymium, and e rb i um  compounds i s  t h e  l o s s  o f  a mole  o f  w a t e r ,
l e a v i n g  a n h y d r o u s  (NH^J^LngFg,  I n  t h i s  r e g a r d  i t  i s  i n t e r -
78e s t i n g  t o  n o t e  t h a t  S t e rb a - B o h m ,  from q u a l i t a t i v e  o b s e r v a ­
t i o n s ,  s u g g e s t e d  t h e  p o s s i b i l i t y  o f  t h e  f o r m a t i o n  o f  t h i s  
t y p e  o f  compound w i t h  s c a n d i u m .  He r e p o r t e d  t h a t  (NH^)3S c 2Fg 
was formed a s  an i n t e r m e d i a t e  compound i n  t h e  s t e p w i s e  decom­
p o s i t i o n  o f  (NH^) jScFg i n  aq ueous  s o l u t i o n .  However ,  I v a n o v -  
Emin and  c o w o r k e r s , i n  a l a t e r  s t u d y ,  s t a t e d  t h a t  t h e  r e ­
p o r t e d  (NH^)3S c 2Fg f o r m a t i o n  was e r r o n e o u s .
The samar ium and l an th an u m  compounds l o s e  w a t e r  and  
some ammonium f l u o r i d e  i n  one s t e p ,  t h e  samar ium compound 
g r a d u a l l y  and t h e  l an th an u m  compound r a p i d l y .  T h e i r  t h e r m o ­
grams do n o t  show a t g a  p l a t e a u  n o r  a d t a  r e t u r n  t o  b a s e  l i n e  
i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  (N H ^J jL n jF g ,  T h e r e  i s  a s l i g h t  
d e c l i n e  i n  t h e  d t a  c u r v e  o f  t h e  s amar ium compound,  o v e r  t h e  
r a n g e  9 1 - 1 5 2 ° ,  which  o c c u r s  p r i o r  t o  t h e  s i z a b l e  end o th e r m  
f o r  ammonium f l u o r i d e  l o s s .  T h i s  h a s  a c o u n t e r p a r t  i n  a 
s c a r c e l y  p e r c e p t i b l e  b r e a k  i n  t h e  t g a  c u r v e  a t  c a .  75°  and  
would seem t o  i n d i c a t e  t h a t  t h e  samar ium compound does  dehy­
d r a t e  i n i t i a l l y ,  b u t  t h e  l o s s  o f  ammonium f l u o r i d e  b e g i n s  
j u s t  a s  t h e  l a s t  o f  t h e  w a t e r  i s  l o s t .  The l a n t h a n u m  com p o un d ' s  
t he rm ogr ams  show t h a t  i t  i s  t h e  l e a s t  s t a b l e  o f  a l l  o f  t h e s e  
compounds .  D i s r e g a r d i n g  t h e  d e h y d r a t i o n  t e m p e r a t u r e s ,  which  
v a r y  r a n d o m l y ,  t h e  ammonium f l u o r o l a n t h a n a t e  compounds
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t h e m s e l v e s  decompose ,  t h r o u g h  l o s s  o f  ammonium f l u o r i d e ,  i n  
an  o r d e r  r e l a t e d  t o  i o n i c  r a d i u s  o f  t h e  m e t a l .  Th a t  i s ,  t h e  
s m a l l e r  t h e  m e t a l ,  t h e  more s t a b l e  t h e  compound i s  t o  h e a t .  
T h i s  c an  b e s t  be s e e n  by e x a m i n a t i o n  o f  F i g u r e  3 ,
*^2^ decomposes  i n  f o u r  s t e p s .  The peak  
t e m p e r a t u r e  f o r  t h e  f i r s t ,  WBak d t a  en d o th e r m  i s  9 2 ° ;  t h i s  
c o r r e s p o n d s  t o  a b r e a k  i n  t h e  t g a  c u r v e  commencing a t  6 6 ° 
and r e p r e s e n t i n g  t h e  l o s s  o f  one mole  o f  w a t e r .  The s e c o n d ,  
s t r o n g  d t a  en do the rm  o c c u r s  a t  2 1 4 ° ,  The c o r r e s p o n d i n g  b r e a k  
i n  t h e  t g a  c u r v e  o c c u r s  a t  190°  and c o r r e l a t e s  w i t h  t h e  l o s s  
o f  two moles  o f  ammonium f l u o r i d e ,  l e a v i n g  NH4 Y2F7 . The 
t h i r d  mole  o f  ammonium f l u o r i d e  a p p e a r s  t o  be l o s t  i n  two 
s t e p s ,  a s  h yd r og en  f l u o r i d e  and ammonia .  The two weak d t a  
p e a k s  f o r  t h i s  e f f e c t  o c c u r  a t  302°  and  323° i  t h e  c o r r e s ­
pond ing  t g a  t e m p e r a t u r e s  a r e  233°  and 3 0 2 ° .  The t h e o r e t i c a l  
w e i g h t  l o s s e s  f o r  h y d r og en  f l u o r i d e  and  ammonia a r e  n o t  v e ry  
d i f f e r e n t ,  so  i t  i s  d i f f i c u l t  t o  s ay  w i th  c e r t a i n t y  which i s  
l o s t  f i r s t .  The d a t a  s u g g e s t ,  ho weve r ,  t h a t  l o s s  o f  a mole  
o f  hy d ro gen  f l u o r i d e  o c c u r s  f i r s t ,  f o l l o w e d  by t h e  l o s s  o f  
ammonia .  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  i s  y t t r i u m  t r i ­
f l u o r i d e .
The t h e r m a l  d e c o m p o s i t i o n  o f  (NH^)3La2 f g *1^0 o c c u r s  
i n  t h r e e  s t e p s .  The compound b e g i n s  t o  decompose  a l m o s t  im­
m e d i a t e l y  upon h e a t i n g j  t h e  f i r s t  d t a  en do th e r m  b e g i n s  a t  
42° and  h a s  i t s  maximum a t  1 0 0 ° ,  T h i s  c o r r e l a t e s  w i t h  t h e  
l o s s  o f  a mole o f  w a t e r  and  one mole  o f  ammonium f l u o r i d e  a s  
e v i d e n c e d  by t h e  t g a  c u r v e ,  where  t h e  t e m p e r a t u r e  a t  which
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t h i s  d e c o m p o s i t i o n  s t e p  b e g i n s  i s  4 0 ° .  T h i s  l e a v e s  two m o le s  
o f  NH^LaF^ which r a p i d l y  l o s e  a mole o f  ammonium f l u o r i d e  
t o  form NH4La2 Fy.  The d t a  endo the rm  f o r  t h i s  s t e p  h a s  i t s  
maximum a t  1 3 2 ° ,  and  t h e  c o r r e s p o n d i n g  b r e a k  i n  t h e  t g a  
c u r v e  commences a t  1 4 7 ° ,  The f i n a l  d t a  e n d o t h e r m ,  r e p r e s e n t ­
i n g  t h e  l o s s  o f  t h e  f i n a l  mole  o f  NH^F, h a s  i t s  maximum a t  
1 90 ° ,  c o r r e l a t i n g  w i t h  a v e r y  g r a d u a l  w e i g h t  l o s s  commencing 
a t  205°  on t h e  t g a  c u r v e .  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  
i s  l an th an u m  t r i f l u o r i d e ,
( N H ^ g P ^ F g *1^0 decomposes  i n  t h r e e  s t e p s .  The f i r s t  
e f f e c t  i s  d e h y d r a t i o n ,  shown by a d t a  en do the rm  a t  109°  and 
t h e  c o r r e s p o n d i n g  b r e a k  a t  90°  i n  t h e  t g a  c u r v e ,  ( N H ^ J g P ^ F g  
t h e n  l o s e s  one mole o f  ammonium f l u o r i d e j  t h i s  p r o c e s s  i s  
shown a s  a d t a  endo the rm  h a v i n g  i t s  maximum a t  1 7 4 ° ,  The 
c o r r e s p o n d i n g  b r e a k  i n  t h e  t g a  c u r v e  b e g i n s  a t  1 4 5 ° ,  The 
f i n a l  e f f e c t  i s  t h e  l o s s  o f  two mo le s  o f  ammonium f l u o r i d e  
i n  one s t e p .  The d t a  c u r v e  f o r  t h i s  e f f e c t  i s  a s t r o n g  e n d a -  
t he rm  h a v i n g  i t s  maximum a t  2 1 1 ° j  t h e  b r e a k  i n  t h e  t g a  c u r v e  
o c c u r s  a t  2 0 6 ° ,  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  i s  p r a s e o ­
dymium t r i f l u o r i d e .
The t h e r m a l  d a t a  f o r  ( N H ^ g S n ^ F g 'h ^ O ,  a s  m e n t i o n e d  
e a r l i e r ,  g i v e  some i n d i c a t i o n  t h a t  t h e  i n i t i a l  s t e p  i s  dehy ­
d r a t i o n .  However ,  t h e  f i r s t  a c t u a l l y  m e a s u r a b l e  e f f e c t  on 
t h e  t g a  c u r v e  i s  a g r a d u a l  w e i g h t  l o s s  b e g i n n i n g  a t  38°  and 
c o r r e s p o n d i n g  t o  t h e  l o s s  o f  b o t h  a mole  o f  w a t e r  and two 
m o le s  o f  ammonium f l u o r i d e ,  r e s u l t i n g  i n  NH^Su^Fy.  The f e a ­
t u r e  on t h e  d t a  c u r v e  c o r r e s p o n d i n g  t o  t h i s  i s  an u n s y m m e t r i c a l
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en do the rm  h a v i n g  i t s  maximum a t  2 06° ,  The d t a  c u r v e  f i r s t  
b e g i n s  t o  d e v i a t e  f rom t h e  b a s e  l i n e  a t  91°  and u n d e r g o e s  a  
g r a d u a l  d e c l i n e  b e f o r e  t r a c i n g  ou t  t h e  206°  e n d o t h e r m ,  A 
s e c o n d ,  weak d t a  endo the rm  o c c u r s  a t  2 6 5 ° ,  T h i s  c o r r e l a t e s  
w i t h  an o b s e r v e d  g r a d u a l  w e i g h t  l o s s  on t h e  t g a  c u r v e  w i th  
t h e  b r e a k  i n  t h e  c u r v e  o c c u r r i n g  a t  2 6 1 ° ,  T h i s  w e i g h t  l o s s  
was a t t r i b u t e d  t o  t h e  l o s s  o f  t h e  f i n a l  mole o f  NH^F. The 
o b s e r v e d  w e i g h t  l o s s  was s l i g h t l y  l ow;  i t  may be  t h a t  com­
p l e t e  l o s s  o f  t h e  r e m a i n i n g  NH^F r e q u i r e s  a l o n g e r  h e a t i n g  
t im e  t h a n  was p r o v i d e d  d u r i n g  t h e  t g a  s c a n .  The b r e a k  i n  t h e  
t g a  c u r v e  o c c u r s  a t  2 6 4 ° ,  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  
i s  samar ium t r i f l u o r i d e ,
(NH4 ) 3E r 2 Fg •H2 0 decomposes  i n  a manner  s i m i l a r  t o  t h e  
d e c o m p o s i t i o n  o f  t h e  y t t r i u m  compound.  The t he rmograms  f o r  
t h e  two compounds a r e  n e a r l y  i d e n t i c a l  ( s e e  F i g u r e  3 ) ,  The 
f i r s t  f e a t u r e  on t h e  d t a  c u r v e  i s  a v e r y  weak end o th e r m  a t  
9 4 ° ;  t h e  c o r r e s p o n d i n g  w e i g h t  l o s s  on t h e  t g a  c u r v e  b e g i n s  a t  
45°  and c o r r e l a t e s  w i t h  t h e  l o s s  o f  on e  mole o f  w a t e r .  The 
d t a  c u r v e  n e x t  e x h i b i t s  a s t r o n g  en d o th e r m  h a v i n g  i t s  m a x i ­
mum a t  2 0 7 ° ,  The t g a  c u r v e  e x h i b i t s  a  c o r r e s p o n d i n g  w e i g h t  
l o s s  which c o r r e l a t e s  w i th  t h e  l o s s  o f  two m o le s  o f  ammonium 
f l u o r i d e ,  l e a v i n g  NH4E r 2Fy.  The b r e a k  i n  t h e  t g a  cu rv e  f o r  
t h i s  d e c o m p o s i t i o n  s t e p  o c c u r s  a t  2 0 0 ° .  The l a s t  two f e a t u r e s  
on t h e  d t a  c u r v e  a r e  two weak e n d o t h e r m s  a t  316°  and 3 3 1° •
The c o r r e s p o n d i n g  f e a t u r e s  on t h e  t g a  c u r v e  a r e  a  g r a d u a l  
d e c l i n e  b e g i n n i n g  a t  238° and  an a b r u p t  d e c l i n e  b e g i n n i n g  a t  
3 1 2 ° ,  These  d a t a  i n d i c a t e  t h a t  t he  r e m a i n i n g  m o le  of  ammonium
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f l u o r i d e  i s  l o s t  i n  two s t e p s ,  a s  h y d r o g e n  f l u o r i d e  and 
ammonia .  Again  t h e  t h e o r e t i c a l  w e i g h t  l o s s e s  f o r  hy d rog en  
f l u o r i d e  and  ammonia a r e  q u i t e  s i m i l a r .  However ,  t h e  d a t a  
i n d i c a t e  t h a t  hy d r o g en  f l u o r i d e  i s  l o s t  f i r s t ,  f o l l o w e d  by 
t h e  l o s s  o f  ammonia .  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  i s  
e rb ium t r i f l u o r i d e .
The t h e r m a l  d e c o m p o s i t i o n  schemes  f o r  t h e  
( N H ^ g L n j F g *^2^ c o roPounds a r e  summar i zed  i n  F i g u r e  B.
H, The Sys tem Ammonium F l u o r i d e  -  Erb ium F l u o r i d e  -  W a t e r .
The t h r e e - c o m p o n e n t  sy s t em  c o n s i s t i n g  o f  e rb ium 
f l u o r i d e ,  ammonium f l u o r i d e ,  and w a t e r  was s t u d i e d  a t  2 5 ° ,
The p u r p o s e  o f  t h i s  s t u d y  was t o  a s c e r t a i n  what  s o l i d  f l u o r o -  
c o m p l e x e s ,  i f  a n y ,  a r e  f o rmed be tween  e rb ium f l u o r i d e  and 
ammonium f l u o r i d e  i n  aq u eo u s  s o l u t i o n .
The s y n t h e t i c  complex  method a s  d e s c r i b e d  by Purdon 
and S l a t e r ^ ®  was emp l oye d .  Ammonium f l u o r i d e *e rb iu m f l u o r i d e  
m i x t u r e s  v a r y i n g  f rom ^ 9 5 * 5  t o  10*90 were u s e d  t o  g i v e  a 
wide  r a n g e  o f  component  c o n c e n t r a t i o n s .  T a b l e  I I ,  p 2 0 ,  
c o n t a i n s  t h e  d a t a  o b t a i n e d  f o r  t h e  s y s t e m i  t h e  r e s u l t s  a r e  
p l o t t e d  i n  F i g u r e  1 ,  p 21 ,  The c a l c u l a t e d  p o s i t i o n s  o f  
NH^ErF^ and  (NH^J^ErFg a r e  a l s o  shown i n  F i g u r e  1 .
E x a m i n a t i o n  o f  F i g u r e  1 shows t h a t  no t i e - l i n e s  p a s s  
t h r o u g h  t h e  NH4E rF 4 and  ( N H ^ g E r F g  p o i n t s .  F u r t h e r ,  t h e r e  
i s  no i n t e r s e c t i o n  o f  a number  of  t i e - l i n e s  t o  i n d i c a t e  t h e  
f o r m a t i o n  o f  a d i s t i n c t  compound.  A l s o ,  t h e  X- r ay  powder  
d a t a  o b t a i n e d  f o r  a  few o f  t h e  r e s i d u e s  c o n f i r m e d  t h a t  t h e s e  
s o l i d s  were m e r e l y  m i x t u r e s  o f  ammonium f l u o r i d e  and  e rb ium
F i g u r e  8
Thermal  Decom po s i t i on  o f  (NH4 ) 3Ln2 Fg»H20 Compounds
(NH4 ) 3Y2F 9 ' ^ 2^
(NH^) g • H2O
<NH4>3p r 2F9*H2°
(NH4 ) 3Sm2Fg *H20
-H2O -2NH4F -HF -NH3
-> (NH4 ) 3 Y2 Fg ----------4  NH4 Y2 F7 ■■■* 2YF3 *0.5NH3 >
920 4 J  z 5 214°  302°  323°
-H20
- nh4f - nh4f - nh4f
----------> 2NH4LaF4  > NH4La2F7  > 2LaF;
100° 132° 4 190°
-H?0 -NH4F -2NH4F
4  (NH4 ) 3P r 2 Fg — ^  2NH4PrF 4 ------I7T74  2P r F 3
IO90 4 J  z * 174° 211*
-H20
-2NH4F -NH4F
4  NH4Sm2 F7 ------------ > 2SmF3
206°  265°
Figure 8, continued
-H20 -2NH4F -HF -NH3
(NH4 ) 3E r z F9 .H2 0 — ^  (NH4 ) 3E r 2Fg  NH4E r 2F7 2E tF 3 .0.5NH3





f l u o r i d e .
The m i x t u r e  c o n t a i n i n g  t h e  h i g h e s t  ammonium f l u o -  
r i d e i e r b i u m  f l u o r i d e  r a t i o  a p p r o a c h e s  a s a t u r a t e d  ammonium 
f l u o r i d e  s o l u t i o n  i n  c o n c e n t r a t i o n .  The s o l u b i l i t y  o f  am­
monium f l u o r i d e  i n  w a t e r  a t  25°  h a s  been  r e p o r t e d  v a r i o u s l y
a s  4 5 , 9 ,  4 5 , 1 2 ,  4 5 , 5 0 ,  and  45 ,31  gr ams o f  ammonium f l u o r i d e
79p e r  100 grams o f  s a t u r a t e d  s o l u t i o n .  Thus no t i e - l i n e s  l i e  
i n  t h e  l ow er  l e f t  t h i r d  (ammonium f l u o r i d e  s e c t i o n )  o f  F i ­
g u r e  1 ,  The e x t r e m e l y  low s o l u b i l i t y  o f  e rb ium f l u o r i d e  
a c c o u n t s  f o r  t h e  heavy  c o n c e n t r a t i o n  of  t i e - l i n e  d ry  r e s i d u e
p o i n t s  i n  t h e  r e g i o n  o f  h i g h  e rb ium f l u o r i d e  c o n c e n t r a t i o n ,
80Ivanov -Emin  and  Z a i t s e v a  have  o b t a i n e d  s o l u b i l i t y  
i s o t h e r m s  a t  25°  f o r  e r b i u m ,  y t t e r b i u m ,  and  l u t e t i u m  f l u o r i d e s  
i n  aq ueous  ammonium f l u o r i d e  s o l u t i o n s .  They a l s o  were  u n a b l e  
t o  i s o l a t e  s o l i d  f l u o r o c o m p l e x e s , a l t h o u g h  t h e y  d i d  c o n c l u d e  
t h a t  t h e  s o l u b i l i t y  o f  t h e  m e t a l  f l u o r i d e  i n  ammonium f l u o r i d e  
s o l u t i o n s  i n c r e a s e d  w i t h  t h e  ammonium f l u o r i d e  c o n c e n t r a t i o n ,
A s i m i l a r  r e s u l t  was n o t  f ound  i n  t h e  p r e s e n t  s t u d y .  However ,  
t h e  m e t a l  f l u o r i d e s  u s e d  i n  t h e  R u s s i a n  s t u d y  were no t  anh y ­
d r o u s ,  b u t  were  assumed t o  have  t h e  c o m p o s i t i o n  LnF-j*0 , 5H2 0 . 
T h i s  would make a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s o l u b i l i t y  
o f  t h e  m e t a l  f l u o r i d e ,
I , R e a c t i o n s  o f  L a n t h a n i d e  F l u o r i d e s  w i t h  Ammonium F l u o r i d e .
A number  o f  r e a c t i o n s  be twe en  l a n t h a n i d e  f l u o r i d e s  
and  ammonium f l u o r i d e  were  i n v e s t i g a t e d  t o  d e t e r m i n e  t h e i r  
p o t e n t i a l  a s  a means o f  p r e p a r i n g  ammonium f l u o r o l a n t h a n a t e s . 
I t  was found  t h a t  d i f f e r e n t  p r o d u c t s  a r e  o b t a i n e d  f rom t h e s e
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r e a c t i o n s ,  d e p e n d i n g  upon c e r t a i n  f a c t o r s  such  a s  w h e t h e r  
t h e  m e t a l  f l u o r i d e  i s  a n h y d r o u s  o r  a h y d r a t e ,  t h e  c o n c e n t r a ­
t i o n  o f  t h e  ammonium f l u o r i d e  s o l u t i o n ,  t h e  m e t a l  u s e d ,  and 
t h e  s o l v e n t  u sBd ,
The p r o d u c t s  o b t a i n e d  from t h e  s e r i e s  o f  r e a c t i o n s  
o f  t h i s  t y p e  w s t b  i n  mos t  c a s e s  n o t  i d e n t i f i e d  beyond t h e  
d e t e r m i n a t i o n  o f  n i t r o g e n  c o n t e n t  and t h e  o b t a i n i n g  o f  an 
X- r a y  powder  p a t t e r n .  These  d a t a  were  u s e d  t o  g i v e  a p r e ­
l i m i n a r y  s u g g e s t i o n  o f  c o m p o s i t i o n  an d  t o  a s c e r t a i n  w h e t h e r  
t h e  p r o d u c t  was t h e  same a s  any p r e p a r e d  by a d i f f e r e n t  me­
t h o d ,  Only t h o s e  p r o d u c t s  whose p r e l i m i n a r y  c h a r a c t e r i z a t i o n  
i n d i c a t e d  t h a t  f u r t h e r  work was d e s i r a b l e  were  i n v e s t i g a t e d  
more f u l l y ,
81Basse  and  C a p e s t a n ,  i n  a s t u d y  Of t h e  r e a c t i o n  o f  
CeF^ 'xh^O w i t h  s a t u r a t e d  a q u eo us  ammonium f l u o r i d e  s o l u t i o n s ,  
r e p o r t e d  t h e  p r e p a r a t i o n  o f  (NH^J^CeFy,  ( N I ^ ^ C e F g ,  and  
NH^CeFg. The p r o d u c t  o b t a i n e d  depended  upon t h e  r a t i o  am­
monium f l u o r i d e i c e r i u m  t e t r a f l u o r i d e  of  t h e  r e a c t a n t s .  Pen-
go
neman and Rosenzweig  £ l a t e r  f o un d  t h a t  t h e  complex i n  t h e  
c e r i u m  t e t r a f l u o r i d e  -  ammonium f l u o r i d e  -  w a t e r  sy s t e m  h a v in g  
t h e  h i g h e s t  ammonium f l u o r i d e i c e r i u m  t e t r a f l u o r i d e  r a t i o  was 
( N H ^ ^ C e F g ,  They p r e p a r e d  t h i s  compound u s i n g  s a t u r a t e d  am­
monium f l u o r i d e  s o l u t i o n s  c o n t a i n i n g  some s o l i d  ammonium 
f l u o r i d e ,
I n  an  a t t e m p t  t o  p r e p a r e  t h e  complex ha v in g  t h e  h i g h e s t  
ammonium f l u o r i d e j e r b i u m  t r i f l u o r i d e  r a t i o  by an a n a l o g o u s  
r e a c t i o n ,  ErF-j ixh^O was a l l o w e d  t o  r e a c t  w i t h  a s a t u r a t e d
( 4 0  wt $ )  a q u e o u s  ammonium f l u o r i d e  s o l u t i o n  c o n t a i n i n g  a 
s m a l l  amount  o f  s o l i d  ammonium f l u o r i d e .  The ErFg^xh^O u s e d  
i n  t h e  r e a c t i o n  was p r e p a r e d  f rom t h e  m e t a l  by d i s s o l v i n g  i t  
i n  h y d r o c h l o r i c  a c i d  and  t h e n  t r e a t i n g  t h e  a c i d  s o l u t i o n  w i t h  
48$ h y d r o f l u o r i c  a c i d .  The p i n k  p r o d u c t  o b t a i n e d  f rom t h i s  
r e a c t i o n  ga v e  e l e m e n t a l  a n a l y s i s  r e s u l t s  c o r r e s p o n d i n g  t o  t h e  
c o m p o s i t i o n  ( N H ^ g E r F ] ^ .  X-Ray powder  d a t a  f o r  t h i s  compound,  
h ow e v e r ,  s u b s e q u e n t l y  showed t h a t  t h e  p r o d u c t  was a m i x t u r e  
o f  ammonium f l u o r i d e  and  some u n i d e n t i f i e d  NH^-Er-F c o m p l e x .  
A t t e m p t s  t o  remove t h e  ammonium f l u o r i d e  by wa sh in g  w i t h  
w a t e r  r e s u l t e d  i n  d e c o m p o s i t i o n  o f  t h e  NH4 - E r - F  compound.  
Washing w i t h  m e t h a n o l  y i e l d e d  a compound shown by i t s  powder  
p a t t e r n  t o  be t h e  same a s  t h a t  p r e p a r e d  u s i n g  a 20$  a q u e o u s  
ammonium f l u o r i d e  s o l u t i o n ,  i . e . ,  N I ^ E r F ^
When LaF^ 'xh^O and  P r F ^ x t ^ O  were  u s e d  i n  a s i m i l a r  
r e a c t i o n  w i t h  n e a r l y  s a t u r a t e d  a q u e o u s  ammonium f l u o r i d e  s o ­
l u t i o n s ,  compounds  o f  v e r y  low n i t r o g e n  c o n t e n t  ( l e s s  t h a n  
2$ )  were  o b t a i n e d .  T h i s  c o r r o b o r a t e d  t h e  o b s e r v a t i o n ,  made 
e a r l i e r ,  t h a t  s i z e  o f  t h e  t r i p o s i t i v e  l a n t h a n i d e  i o n  i s  a 
d e t e r m i n i n g  f a c t o r  r e g a r d i n g  t h e  t y p e s  o f  compounds f o r m e d .  
Lan thanum ( 1 , 0 6  A) and  p r aseodymium ( 1 . 0 1  A) have  s i g n i f i ­
c a n t l y  l a r g e r  i o n i c  r a d i i  t h a n  d o e s  e rb iu m  ( 0 , 8 8  A ) .
Ulhen a n h y d r o u s  e rb ium f l u o r i d e  was u s e d  i n s t e a d  o f  
t h e  h y d r a t e d  m a t e r i a l  i n  r e a c t i o n  w i t h  s a t u r a t e d  a q u e o u s  am­
monium f l u o r i d e ,  NH4 - L n - F  compounds  o f  v e r y  s m a l l  n i t r o g e n  
c o n t e n t  ( l e s s  t h a n  1 $ )  were  o b t a i n e d .  When a n h y d r o u s  e rb iu m 
f l u o r i d e  was a l l o w e d  t o  r e a c t  w i t h  ammonium f l u o r i d e  u s i n g
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m e t h a n o l  a s  t h e  s o l v e n t ,  a g a i n  compounds u i l t h  f a i r l y  low n i ­
t r o g e n  c o n t e n t  were o b t a i n e d ,  A l s o ,  t h e  l e s s  c o n c e n t r a t e d  
t h e  m e t h a n o l l c  ammonium f l u o r i d e  s o l u t i o n s ,  t h e  l o w e r  t h e  
n i t r o g e n  c o n t e n t  o f  t h e  p r o d u c t s  o b t a i n e d .  The a n h y d r o u s
f l u o r i d e  t h u s  a p p e a r s  t o  be  r e l a t i v e l y  u n r e a c t i v e .  The same
50h a s  been  f o un d  t o  be t r u e  f o r  s c and iu m  and  y t t r i u m .  In  a 
s t u d y  o f  r e a c t i o n s  o f  s c and iu m  an d  y t t r i u m  t r i f l u o r i d e s  w i t h  
ammonia ,  O r l o v s k i i ^  h a s  commented on t h e  h i g h e r  r e a c t i v i t y  
o f  m e t a l  f l u o r i d e  h y d r a t e s  co mp a r ed  w i t h  a n h y d r o u s  m e t a l  f l u o ­
r i d e s  .
A s i m i l a r  r e a c t i o n  was c a r r i e d  o u t  u s i n g  E r F 3 »xH20 
and  a 15 wt % a q u eo us  ammonium f l u o r i d e  s o l u t i o n ,  i n s t e a d  o f  
a s a t u r a t e d  s o l u t i o n ,  a t  8 0 ° ,  I n  t h i s  c a s e  t h e  p r o d u c t  ob­
t a i n e d  was shown by X - r a y  t o  be  ( N H ^ ^ E ^ F ^  j  •H2 O, wh ich  had  
a l r e a d y  been  p r e p a r e d  by a d i f f e r e n t  m e t h o d ,  d e s c r i b e d  e a r ­
l i e r .
E rb ium f l u o r i d e  h y d r a t e  was t h e n  a l l o w e d  t o  r e a c t  w i t h  
a 20$ ( w / v )  a q u e o u s  ammonium f l u o r i d e  s o l u t i o n .  The p r o d u c t  
i n  t h i s  c a s e  was found  by e l e m e n t a l  a n a l y s i s  t o  be ammonium 
t e t r a f l u o r o e r b a t e ( I I I ) ,  NH^ErF^.  Gn t h e  b a s i s  o f  t h i s  r e s u l t ,  
a t t e m p t s  were  made t o  p r e p a r e  t h e  a n a l o g o u s  t e t r a f l u o r o l a n -  
t h a n a t e s  o f  o t h e r  r a r e  e a r t h  m e t a l s ,  ThBse a t t e m p t s  were  
u n s u c c e s s f u l  f o r  s a m a r i u m ,  l a n t h a n u m ,  and  p r a s e o d y m i u m .  Reac ­
t i o n  o f  t h e s e  m e t a l  f l u o r i d e  h y d r a t e s  w i t h  2 0 $  a q u e o u s  am­
monium f l u o r i d e  s o l u t i o n s  y i e l d e d  p r o d u c t s  o f  f a i r l y  low 
n i t r o g e n  c o n t e n t  ( l e s s  t h a n  2 $ ) ,  However ,  ammonium t e t r a -  
f l u o r o g a d o l i n a t e ( I I I ) a n d  ammonium t e t r a f l u o r o y t t r a t e ( I I I )
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mere s u c c e s s f u l l y  p r e p a r e d  by t h i s  m e t h o d ,  which was n o t  un ­
e x p e c t e d  b e c a u s e  g a d o l i n i u m  and  y t t r i u m  have  s m a l l e r  i o n i c  
r a d i i  t h a n  do t h e  o t h e r  t h r e e  m e t a l s .
To t h i s  s e r i e s  o f  t h r e e  t e t r a f l u o r o l a n t h a n a t e s  was
a d d e d ,  f o r  p u r p o s e s  o f  c o m p a r i s o n ,  ammonium t e t r a f l u o r o -
1Bs c a n d a t e  which  was p r e p a r e d  by a l i t e r a t u r e  m e t h o d ,  X-Ray 
d i f f r a c t i o n  d a t a ,  t h e r m a l  d e c o m p o s i t i o n  s t u d i e s ,  and  i n f r a r e d  
s p e c t r a  o f  t h e s e  f o u r  ammonium t e t r a f l u o r o l a n t h a n a t e s  a r e  
p r e s e n t e d  i n  t h e  f o l l o w i n g  s e c t i o n ,
J , Ammonium T e t r a f l u o r o l a n t h a n a t e C 1 1 1 ) Compounds .
Ammonium t e t r a f l u o r o l a n t h a n a t e ( 1 1 1 ) compounds ,  NH^LnF^, 
were  p r e p a r e d  f o r  t h e  m e t a l s  s c a n d i u m ,  y t t r i u m ,  g a d o l i n i u m ,  
and  e rb i u m i  s p e c i f i c  p r e p a r a t i o n s  o f  t h e s e  compounds  h a v e  been  
d e s c r i b e d  e a r l i e r  ( S e c t i o n  I I , F . ) .  The s c a n d i u m ,  y t t r i u m ,  
and  g a d o l i n i u m  compounds a r e  w h i t e ,  and  t h e  e rb i u m  compound 
i s  p i n k .  A l l  o f  t h e  compounds a r e  s t a b l e  i n  a i r ,
X-Ray powder  p a t t e r n s  were  o b t a i n e d  f o r  t h e  f o u r  com­
pounds}  t h e  powde r  d a t a  a r e  p r e s e n t e d  i n  T a b l e s  XXII-XXV i n  
S e c t i o n  A o f  t h e  A p p e n d i x ,  The powder  p a t t e r n s  showed t h a t  
e rb iu m  and  y t t r i u m  a g a i n  form i s o s t r u c t u r a l  compounds} t h e  
s cand iu m and  g a d o l i n i u m  compounds  a d o p t  s t r u c t u r e s  d i f f e r e n t  
f rom each  o t h e r  and  f rom t h o s e  o f  e rb i um  and y t t r i u m .  The 
s c and ium c o m p o u n d ' s  powder  p a t t e r n  a g r e e s  w i t h  t h a t  r e p o r t e d  
by I v an o v - E m in  £ t  al^,^® I t  i s  i n c l u d e d  i n  t h e  App en d i x  s i n c e  
t h e  e a r l i e r  w o r k e r s '  d a t a  were  p r e s e n t e d  a s  a  l i n e  d i ag ra m  
r a t h e r  t h a n  a s  t a b u l a t e d  d v a l u e s  and  i n t e n s i t i e s .
The c h a r a c t e r i s t i c  i n f r a r e d  a b s o r p t i o n s  o f  t h e  f o u r
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compounds a r e  r e p o r t e d  i n  T a b l e  X I , p 3 7 j t h e  Raman d a t a  ob ­
t a i n e d  f o r  t h e  y t t r i u m ,  g a d o l i n i u m ,  and  e rb iu m  compounds  a r e  
a l s o  i n c l u d e d  i n  t h i s  t a b l e .
The t h e r m a l  d e c o m p o s i t i o n  o f  t h e s e  compounds  i n  a 
h e l i u m  a t m o s p h e r e  was s t u d i e d  by b o t h  d i f f e r e n t i a l  t h e r m a l  
a n a l y s i s  and  t h e r m o g r a v i m e t r i c  a n a l y s i s .  The d i f f e r e n t i a l  
t h e r m o gr am s  f o r  t h e  compounds a r e  shown i n  F i g u r e  4 ,  p 28j  
peak  t e m p e r a t u r e s  an d  t h e  t e m p e r a t u r e  r a n g e  i n v e s t i g a t e d  
a r e  g i v e n  i n  T a b l e  V, p 2 9 .  The t g a  d a t a  a r e  r e p o r t e d  i n  
T a b l e  V I I I ,  p 3 3 .  A r e p r e s e n t a t i v e  c o m p a r i s o n  o f  t h e  d t a  
and  t g a  c u r v e s  i s  p r o v i d e d  i n  F i g u r e  9 ,  which  i l l u s t r a t e s  
t h e  t h e r m a l  d e c o m p o s i t i o n  o f  NH^GdF^. Aga in  t h e  g e n e r a l  
comments  made p r e v i o u s l y  r e g a r d i n g  t h e r m a l  s t u d i e s  s h o u l d  
be b o r n e  i n  mind d u r i n g  t h e  e n s u i n g  d i s c u s s i o n  o f  t h e  ammo­
nium t e t r a f l u o r o l a n t h a n a t e  d e c o m p o s i t i o n s .
The t h e r m a l  d e c o m p o s i t i o n  o f  NH^ScF^ h a s  been  s t u d i e d
18by Iv an o v -E m in  £ t  aJL, The a t m o s p h e r e  i n  wh ich  t h e i r  t h e r ­
mal  s t u d i e s  were  c a r r i e d  o u t  was n o t  s p e c i f i e d !  p r e s u m a b l y  
i t  was a i r .  T h e i r  d a t a  showed t h a t  NH^ScF^ decomposes  i n  
one  s t e p ,  w i t h  t h e  d t a  e n d o t h e r m  f o r  t h i s  e f f e c t  s t a r t i n g  
a t  2 2 0 - 2 3 0 °  and  r e a c h i n g  a maximum a t  3 2 0 ° .  The d e c o m p o s i ­
t i o n  p r o d u c t  i s  s c an d iu m  t r i f l u o r i d e .
Thermal  d a t a  f rom t h e  p r e s e n t  s t u d y  a r e  i n  a g r e e m e n t  
w i t h  t h e  p r e v i o u s  work ,  e x c e p t  f o r  t h e  e x p e c t e d  d i s c r e p a n c y  
i n  t e m p e r a t u r e s  due  t o  t h e  d i f f e r e n c e  i n  f u r n a c e  a t m o s p h e r e .  
The s i n g l e  e n d o th e rm  o b s e r v e d  d u r i n g  t h e  d e c o m p o s i t i o n  began  
a t  156°  and  r e a c h e d  a maximum a t  2 5 7 ° .  T h i s  c o r r e l a t e s  w i t h
F i g u r e  9 




t h e  w e i g h t  l o s s  o b s e r v e d  on t h e  t g a  c u r v e  b e g i n n i n g  a t  237°  
and  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  one  mole o f  ammonium f l u o ­
r i d e ,  l e a v i n g  s cand ium t r i f l u o r i d e  a s  t h e  d e c o m p o s i t i o n  p r o ­
d u c t .
The t he r m ogr am s  o f  NH^YF^ a r e  more d i f f i c u l t  t o  
i n t e r p r e t .  The d t a  c u r v e  shows a s t r o n g  e nd o th s r m  h a v i n g  i t s  
maximum a t  1 9 5 ° |  t h i s  endo the rm  h a s  a s h o u l d e r  a t  2 1 0 ° ,  A 
weak d t a  en do the rm  o c c u r s  a t  2 9 7 ° .  The t g a  c u r v e  shows t h a t  
i n i t i a l  w e i g h t  l o s s  b e g i n s  a t  155 ° j  t h e r e  i s  a b r e a k  i n  t h e  
c u r v e  a t  242°  f o l l o w e d  by f i r s t  a g r a d u a l  and  s l i g h t  w e i g h t  
l o s s  u n t i l  a p p r o x i m a t e l y  290°  when t h i s  d r o p  i n  t h e  c u r v e  
becomes  more p r o n o u n c e d .  The w e i g h t  l o s s  p r i o r  t o  t h e  b r e a k  
i n  t h e  c u r v e  a t  242°  c an  be c o r r e l a t e d  w i t h  t h e  l o s s  o f  one 
mole  o f  h yd ro g en  f l u o r i d e .  The f a c t  t h a t  t h e  d t a  c u r v e  shows 
t h i s  t o  be a t w o - s t e p  p r o c e s s  ( i . e . ,  t h e  s h o u l d e r  a t  2 1 0 ° )  
i s  p u z z l i n g .  The t g a  c u r v e  does  hav e  a s c a r c e l y  p e r c e p t i b l e  
i n f l e c t i o n  a t  2 2 0 ° ,  b u t  i t  i s  n o t  a s i g n i f i c a n t  enough f e a ­
t u r e  t o  c o n s i d e r  t h e  w e i g h t  l o s s  a s  two d i s t i n c t l y  s e p a r a t e  
s t e p s .  I t  i s ,  t h e r e f o r e ,  c o n c l u d e d  t h a t  t h e  f i r s t  s t e p  i n  
t h e  d e c o m p o s i t i o n  o f  NH^YF^ i s  t h e  l o s s  o f  one  mole  o f  hy ­
d ro ge n  f l u o r i d e ,  a p p a r e n t l y  by a t w o - s t e p  p r o c e s s  n o t  r e a d i l y  
s u b j e c t  t o  i n t e r p r e t a t i o n .  The r e m a i n i n g  f e a t u r e  on t h e  t g a  
c u r v e ,  t h e  f i n a l  w e i g h t  l o s s ,  c o r r e l a t e s  w i t h  t h e  l o s s  o f  
one mole  o f  ammonia.  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  i s  
y t t r i u m  t r i f l u o r i d e .
The t h e r m a l  d e c o m p o s i t i o n  o f  NH^GdF^ i s  s i m i l a r  t o  
t h a t  o f  t h e  s cand ium compound.  The d t a  c u r v e  c o n s i s t s  o f  a
s i n g l e  s t r o n g  e n do th e r m  h a v i n g  i t s  maximum a t  2 3 5 ° .  T h i s  c o r ­
r e l a t e s  w i t h  a  s h a r p  d r o p  on t h e  t g a  c u r v e  which c o r r e s p o n d s  
t o  t h e  l o s s  o f  a mole o f  ammonium f l u o r i d e .  The b r e a k  i n  t h e  
t g a  c u r v e  o c c u r s  a t  2 1 5 ° .  The f i n a l  d e c o m p o s i t i o n  p r o d u c t  
i s  g a d o l i n i u m  t r i f l u o r i d e .
The d i f f e r e n t i a l  t he rmogram f o r  NH^ErF^ h a s  a  s t r o n g  
e n d o th e rm  a t  22 1°  and  a medium e n d o th e r m  a t  2 9 6 ° .  The f i r s t  
an d o t h e r m  c o r r e l a t e s  w i t h  a w e i g h t  l a s s  on t h e  t g a  c u r v e  a t  
1 9 9 ° .  T h i s  c o r r e s p o n d s  t o  t h e  l o s s  o f  one  mole  o f  h y d r o g e n  
f l u o r i d e ,  l e a v i n g  E r F j ' N H g ,  The s e c o n d  d t a  en d o th e r m  h a s  i t s  
c o u n t e r p a r t  i n  a b r e a k  i n  t h e  t g a  c u r v e  b e g i n n i n g  a t  283°  and 
showing  a w e i g h t  l o s s  c o r r e s p o n d i n g  t o  t h e  l o s s  o f  ammonia .
The f i n a l  d e c o m p o s i t i o n  p r o d u c t  i s  t h u s  e r b i u m  t r i f l u o r i d e .
The t h e r m a l  d e c o m p o s i t i o n  s chemes  o f  t h e  ammonium 
t e t r a f l u o r o l a n t h a n a t e s  a r e  summar i zed  i n  F i g u r e  1 0 .
K, m i s c e l l a n e o u s  A t t e m p t e d  P r e p a r a t i o n s  o f  Ammonium F l u o r o -  
l a n t h a n a t e s .
I n  a d d i t i o n  t o  t h e  s y n t h e t i c  a p p r o a c h e s  p r e v i o u s l y  
d e s c r i b e d  f o r  p r e p a r a t i o n  o f  ammonium f l u o r o l a n t h a n a t e s , a 
number  o f  o t h e r  s y n t h e t i c  r o u t e s  were  a t t e m p t e d .  None o f  t h e  
r e a c t i o n s  y i e l d e d  p r o d u c t s  w a r r a n t i n g  f u r t h e r  work .
T hes e  o t h e r  s y n t h e t i c  r o u t e s  i n c l u d e d  t h e  r e a c t i o n  o f  
e rb iu m  f l u o r i d e  w i t h  ammonium f l u o r i d e  i n  t r i f l u o r o a c e t i c  a c i d ,  
t h e  r e a c t i o n  o f  e rb iu m o x i d e  w i t h  ammonium f l u o r i d e  i n  t r i ­
f l u o r o a c e t i c  a c i d ,  t h e  r e a c t i o n  o f  e rb i um  f l u o r i d e  w i t h  ammo­
nium f l u o r i d e  i n  a q u e o u s  h y d r o f l u o r i c  a c i d ,  and  t h e  r e a c t i o n  
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T a b l e  XI I I  
X-Ray Powder  D i f f r a c t i o n  Data  f o r  
Ammonium U n d e c a f l u o r o t r i y t t r a t e ( I I I ) f f lonohydrate
(hk l  • A I n t e n s i t y dhk l»  A I n t e n s i t y
6 .9211 m 1 .5046 vw
5 . 9 0 6 0 vs 1 .4376 w
4 .5706 w 1 ,3 82 5 w
3 .4997 Ul 1 .3 56 0 vw
3 .259 6 v s 1 .2868 vvw
3 .0 0 0 0 m 1 .2691 vvw
2 .7557 vw 1 .25 19 vvw
2 .60 69 m 1 .2352 w
2 .5 14 2 vvw 1 .2 18 0 w
2 .2362 w 1 . 1 8 4 0 w
2 . 1 2 5 0 m 1 .1 29 6 w
1 .9462 vs 1 .1 09 9 vw
1 .666 8 m 1 .0799 w
1 .797 5 w 1 .0 65 3 vw
1 ,774 7 w 1 . 0 53 9 vw
1 .7 1 57 vw 1 .0 4 3 8 w
1 .6 8 05 vw 1 .0 17 3 vw
1 .6388 m 1 .0 00 9 vw
1 .5 91 8 vvw .98667 vvw
1 .5552 vw .97516 vvw
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Table XIII, continued












T a b l e  XXV 
X-Ray Powder D i f f r a c t i o n  Da t a  f o r  
Ammonium Ltndecaf l u o r o t r i d y s p r o s a t e (  111 ) l*lonohydrate
(NH4)2Dy3F1 1 »H20
d h k l »  A I n t e n s i t y d h k l *  A I n t e n s i t y
8 . 1 45 0 IN 2 . 2 3 2 4 vw
6 .7221 m 2 .1 1 7 7 m
5 .97 16 uv 9 1 .9 5 65 vs
5 .61 15 V V W 1 .8 63 2 w
4 .4 61 3 m 1 .6 0 13 w
4 .1 35 6 VIII 1 . 7 17 6 vw
3 .6 13 3 vw 1 . 6 7 9 0 vw
3 .4307 id 1 .6 42 6 m
3 .2757 V V 9 1 .56 15 vw
3 .10 95 m 1 .5 2 96 vw
2 .9 5 2 0 s 1 , 5 0 1 0 vw
2 .7397 vw 1 . 4 4 2 2 vw
2 .5791 m 1 . 3 6 4 4 vvw
2 .3 94 6 vvw 1 .2 93 2 vvw
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Table XV
X-Ray Powder  D i f f r a c t i o n  Da t a  f o r  
Ammonium U n d e c a f l u o r o t r i h o l m a t e ( l I I ) Monoh yd ra t e
(NH4 ) 2 H o 3 F h  . H 2O
dh k l »  A I n t e n s i t y dh k l * A I n t e n s i
7 . 1 9 2 3 vw 1 . 6 3 3 7 m
6 . 5 6 1 0 s 1 . 5 9 2 4 vvw
5 . 9 0 5 8 vvs 1 . 5 5 7 0 vvw
5 . 0 5 8 3 vw 1 . 5 3 6 9 vvw
4 . 4 6 1 3 m 1 .5 2 38 vvw
3 . 4 1 1 5 Ml 1 .4 9 8 5 w
3 . 2 4 9 1 vvs 1 .4 3 87 w
3 . 1 3 4 6 vvw 1 ,3 8 26 w
2 . 9 7 5 2 m 1 . 3 5 4 0 vui
2 . 9 3 0 7 m 1 .2 8 8 8 vw
2 . 7 2 7 7 vw 1 . 2 7 1 4 vvw
2 . 5 5 8 1 s 1 .2 5 1 2 vvw
2 . 2 0 5 3 w 1 .2 32 1 vvw
2 . 1 5 1 7 vw 1 . 2 1 5 6 vvw
2 . 1 0 0 9 m 1 . 1 8 6 3 m
1 . 9 9 7 4 vvw 1 . 1 2 5 5 m
1 . 9 4 5 5 vvs 1 .1 12 5 vvw
1 . 8 5 3 3 m 1 .0931 vvw
1 . 7 80 4 m 1 . 0 7 8 2 w
1 . 7 1 6 0 w 1 . 0 6 5 4 vvw
1 . 6 7 1 5 w 1 . 0 5 5 5 vvw
1 . 0 4 4 3 vw
101
Table XVI
X-Ray Powder Diffraction Data for
Ammonium Undecafluorotrierbate(III) nonohydrate
( NH4 ) 2 E r 3Fl l ' H2°
d ^ k i»  A I n t e n s i t y  dh k l»  A I n t e n s i t y
6 .6 8 1 9 s 1 .5 8 2 9 vvw
5 .8 8 6 5 vvs 1 . 5 5 3 8 w
4 .4 4 8 2 m 1 .5 2 1 4 w
3 .8 7 3 3 vvw 1 .4 9 0 5 w
3 .4 0 6 3 w 1 .4 2 9 1 w
3 .2 3 6 4 vvs 1 , 3 7 7 0 w
2 .9 5 3 5 s 1 .3 4 2 3 vvw
2 .7 1 6 7 w 1 . 2 8 2 4 vw
2 .5 5 8 6 s 1 . 2 7 9 5 vw
2 .2 0 2 8 w 1 .2 4 6 6 vvw
2 .0 9 5 5 m 1 . 2 2 5 0 vw
1 .9 3 7 9 v vs 1 .2 1 0 7 vw
1 .8 4 2 0 m 1 ,1 8 2 2 w
1 .7 7 1 9 m 1 .1 2 2 9 w
1 .7 1 3 3 ut 1 .1 0 6 6 vvw
1 .6 6 4 5 w 1 .0 7 2 5 vw
1 .6 2 6 6 s
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T a b le  XVII 
X-Ray Powder  D i f f r a c t i o n  D a ta  f o r  
Ammonium N o n a f l u o r o d i y t t r a t e ( I I I  ) f lo n o h y d r a t e
(Nh4 ) 3Y2F9 ' h20
dhkl»  A I n t e n s i t y dh k l»  A I n t e n s i
7 .4 1 1 9 vs 1 .7 8 0 0 »
6 .4 3 93 Ul 1 .7 4 5 2 N
5 .9247 m 1 .7 0 6 0 IN
5 .1 6 8 9 s 1 .6 5 4 5 IN
3 .41 7 6 Ul 1 .6 3 8 3 VVUI
3 .2 9 3 5 vs 1 .6 0 9 3 VVUI
3 .1 5 6 3 m 1 .5 5 9 6 Ul
2 .9 9 9 5 m 1 .5 2 6 9 VW
2 .7 7 2 5 Ul 1 .4 9 5 7 VVW
2 .6 7 5 8 VVUI 1 .4 6 7 9 w
2 .5931 Ul 1 .4 3 5 5 vvw
2 .5 0 2 0 WIN 1 .3 7 5 7 w
2 .4 1 7 4 Ul 1 .3 4 4 6 w
2 .3 0 9 2 m 1 .2 8 8 7 vvw
2 .2 0 1 0 IN 1 ,1 7 7 4 vvw
2 .1 4 5 9 m 1 .1 6 1 1 vvw
2 .0 5 7 5 Ul 1 .0 9 0 0 vvw
1 .9 8 4 4 m 1 .0 4 8 7 vvw
1.9481 VVUI .97171 vvw
1 ,8 3 7 0 m .95 6 04 vvw
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T a b l e  XVIII  
X-Ray Powder D i f f r a c t i o n  D a ta  f o r  
Ammonium N o n a f l u o r o d l l a n t h a n a t e ( l I I ) f l o n o h y d r a t e
( N H ^  a 2 F" g • H 2 0
dhk i i_  A I n t e n s i t y dhk l*  A I n t e n s i t y
6 .4 8 6 9 III 1 .9171 vvw
5 .4 0 4 6 m 1 ,8 7 9 5 vvw
4 .9 6 6 2 m 1 .7 9 6 2 s
4 .1 0 0 9 m 1 .7 3 5 6 m
3 .9 5 6 7 VVUI 1 .6 2 5 0 * vw
3 .7 7 4 4 VVUI 1 .4 8 6 8 vvw
3 .5 3 6 6 s 1 .4 5 1 5 * w
3 .1 7 7 6 vs 1 .3 6 6 8 w
2 .8 9 4 7 VUI 1 .3311 s
2 .8 3 2 1 VVUI 1 .2 7 2 4 vw
2 .5 4 9 5 Ul 1 .2211 vvw
2 ,4 4 8 7 VUI 1 .1 9 0 6 * m
2 ,3 9 2 1 VUI 1 .1 3 6 6 m
2 .2 4 2 6 m 1 ,0 5 4 7 vw
2 ,2 0 0 7 vvw 1 .0 3 6 3 VUI
2 .0 6 5 9 vs .99876 vw
2 .00 5 1 s .98612 w
* b r o e d
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Table XIX
X-Ray Powder Diffraction Data for
Ammonium Nonafluorodipraseodymate(III) fflonohydrate
(NH4 ) 3P r 2F9 ' H20
^ h k l»  A I n t e n s i t y !hfel » A I n t e n s i t y
8 .2 9 1 0 3 1 .7 7 7 3 HI
5 .5 0 0 7 m 1 .7 2 7 4 W
4 .8 2 6 8 IN 1 .5 9 9 7 w
4 .2 5 4 2 3 1 .5 2 7 5 w
3 .6 9 5 6 3 1 .5 0 0 7 w
3 .2 2 1 5 VS 1 .4 4 2 3 vw
2 .9 0 9 2 3 1 .3 9 6 1 w
2 .4 7 4 7 m 1 .3 5 7 1 w
2 .4 0 4 4 m 1 .2 0 3 5 w
2 .1 3 6 5 3 1 .2 1 2 7 w
2 .0 1 4 4 3 1 .1 7 3 4 vvw
1.B621 3 1 .0 7 9 4 vw
1 .8 2 7 2 m 1 .0 5 1 1 vw
1 .7 9 0 3 3
Table XX
X-Ray Powder D i f f r a c t i o n  D a ta  f o r  
Ammonium N o n a f l u o r o d l s a m a r a t e ( l I I ) ff lonohydrate
(NH4 ) 3Sm2Fg .H20
'hkl* A I n te n s d
8 .4 4 8 9 Will
5 .6 8 7 4 m
4 .2 5 4 2 m
3 .6 7 9 1 m
3 .2 3 2 9 s
2 .9 5 9 2 m
2 .4 4 8 7 vw
2 .3 6 7 2 vvw
2 .1 1 2 3 w
2 .0 0 1 4 w
1 .8 3 3 7 w
1 .7 6 4 2 vw
1 .5 7 9 4 vvw
Table XXI
X-Ray Poutder Diffraction Data for
Ammonium Nonafluorodierbate(111) fflonohydrate
dh k l»  A I n t e n s i t y dh k l»  A I n t e n s i t y
7 .3 9 9 6 v s 1 .9 4 7 3 m
6 ,0 7 7 9 VIM 1 .0 3 9 0 s
6 .5 2 4 4 VW 1 .7 7 9 4 w
6 .0 7 0 5 VS 1 .7 4 4 6 w
5 .2 5 4 1 VS 1 .7 0 0 3 w
4 .5 5 7 6 vw 1 .6 5 6 7 w
3 .7 0 9 3 vw 1 .6 2 9 7 w
3 .4 0 0 7 m 1 .6 0 3 7 w
3 .3 0 3 1 v s 1 .5 6 1 6 vw
3 .1 4 3 2 m 1 .5 2 0 7 vw
2 .9 9 7 5 m 1 .4 9 3 1 vw
2 .0 0 4 1 vw 1 .4 6 5 4 w
2 .7 7 9 2 m 1 ,4 3 3 2 vw
2 .6 0 2 0 vvw 1 ,37 7 1 w
2 .5 0 4 4 m 1 .3 4 7 6 w
2 .4 0 9 9 m 1 .3 2 6 1 vw
2 .3 1 3 0 m 1 .2 8 0 4 vvw
2 .2 0 5 1 vw 1 .2 6 0 6 vvw
2 .1 4 0 1 m 1 ,2 3 9 6 vvw
2 .0 5 6 6 w 1 .1 7 9 5 w




1 .1 3 3 2  vvw
1 .1 0 3 5  vvw
1 .0 6 6 9  vw
1 .0 7 3 0  vw
1 .0 4 2 6  w
1 .0 2 0 1  vvw
1 .0 0 6 5  vvw
.9 6 7 6 5  vw






.6 5 2 3 3  vvw
.84 1 85  vvw
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Table XXII
X-Ray Powder Diffraction Data for
Ammonium Tetrafluoroscandate( III)
NH4ScF4
dh k l*  A I n t e n s i t y dh k l l , A I n t e n s i t y
6 .8 3 6 0 u s 1 .8 0 4 2 m
5 .9 8 5 4 VUf 1 .7 6 5 2 m
5 .1 7 0 2 VUI 1 .7 3 8 6 s
4 .3 3 2 2 vvw 1 .7 0 7 1 m
3 .9 4 9 7 v s 1 .6 7 6 5 Ul
3 .5 1 8 8 VUI 1 .6 5 1 5 Ul
3 .4 2 5 6 v s 1 .5 8 8 8 m
3 .3 3 7 4 Ul 1 .5 6 5 5 in
3 .1 3 6 1 w 1 .5 6 3 8 m
3 .0 8 8 3 w 1 .5 0 3 3 m
2 .7 7 8 2 m 1 .4 8 1 5 m
2 .4 5 7 1 m 1 .4 1 7 1 m
2 .3 9 3 3 m 1 .4 0 2 1 m
2 .2 6 3 2 m 1 .3 8 4 7 in
2 .2 3 6 2 m 1 .3 4 3 0 w
2 . 1 8 7 0 m 1 .3 1 9 9 vw
2 .1 4 9 6 m 1 .3 0 5 7 m
2 . 0 2 6 0 a 1 .2 9 1 9 m
1 .9 8 1 9 s 1 .2 7 9 2 vvw
1 .9 4 7 3 a 1 .2 7 2 6 vvw
1 .9 0 1 3 m 1 .2 2 7 3 w
Table XXII, continued
dhkl, ft Intensity
1 ,2 0 7 7  vvw
1 .1 9 5 2  w
1 .1 3 5 9  vw
1 .1 1 1 3  vw
1 .0 9 1 7  vw
1 .0 8 1 6  w
1 .0 6 2 8  vvw
1 .0 4 9 5  vw
1 .0 1 1 5  vw
1 .0 0 0 5  vw

















X-Ray Powder Diffraction Data for
Ammonium Tatrafluoroyttrate(III)
nh4 y f 4
dhk l*  A I n t e n s i t y dh k l»  A
B.0B70 m 1 .9 8 9 3
7 .0 5 0 5 vs 1 .9 2 9 4
6 .1 7 6 3 w 1 .0 8 0 6
4 .7 3 5 0 w 1 .0 3 7 8
5 ,4 5 4 4 s 1 .8 0 0 2
5 .0 0 1 9 s 1 .7 5 5 1
4 .1 2 1 6 s 1 .6 9 1 9
3 .6 5 3 0 vs 1 .6 6 0 9
3 .3 9 3 6 w 1 .5 7 4 7
3 .2 8 2 0 3 1 .5 6 0 2
3 .1 2 4 2 v v s 1 .5 3 4 4
3 .0 0 1 0 w 1 .4 8 9 8
2 .9 2 4 2 m 1 .4 7 0 6
2 .7 9 9 3 vw 1 .4 3 2 2
2 .6 0 1 1 vw 1 .4 0 9 2
2 .5 0 9 5 vw 1 .3 7 0 8
2 .4 1 0 1 w 1 .3 5 0 1
2 .3 6 3 0 s 1 . 3 3 1 8
2 .2 0 7 4 m 1 .2 6 4 8
2 .1 4 5 7 m 1.252B
2 .0 0 0 6 m 1 .2 3 3 6























dh k l »  fl 
1 .1 7 6 7  
1 .1 6 3 9  
1 . 1 1 1 0  
1 .0 9 1 4  
1 .0 6 3 8  
1 .0 4 6 6  














X-Ray Powder D i f f r a c t i o n  D a ta  f o r  
Ammonium T e t r a f l u o r o g a d o l l n a t e ( I I I ) 
NH4GdF4
dh k l , A I n t e n s i t y
0 .4 2 1 2 v s
5 .4 9 1 2 s
4 .1 2 9 6 m
3 .6 5 4 5 3
3 .1 3 6 8 VS
2 .9 3 3 6 3
2 .7 2 4 0 VW
2 .6 4 5 3 vw
2 .5 4 3 5 vw
2 .3 9 6 5 * w
2 .1 7 5 4 vw
2 .1 2 3 1 vw
2 .0 9 4 6 m
1 .9 9 4 6 w
1 .9 5 2 1 vw
1 .6 1 0 0 m
1 .7 6 6 4 m
1 .7 0 3 2 w
1 .5 7 1 1 w
1 .5 4 7 0 w
* b r o a d
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TABLE XXV 
X-Ray Powder D i f f r a c t i o n  D a ta  f o r  
Ammonium T a t r a f l u o r o e r b a t e ( I I 1)  
NH4E rF 4
dhhl* ._A I n t e n s i t y ! h k L I n t e n s i t y
8 .4 4 8 9 vvs 2 .0 9 3 6 * m
6 ,7 2 2 3 m 1 .9 9 7 2 m
5 .9 1 7 8 s 1 .9 6 6 5 m
5 .4 6 4 4 s 1 .9 3 8 7 m
4 .4 5 7 0 w 1 .8 4 4 5 vw
4 .0 9 1 6 s 1 .8 2 3 7 v w
3 ,6 3 0 3 V 8 1 ,7 9 0 3 a
3 .4 1 9 2 w 1 ,7 4 7 3 vs
3 .2 4 2 2 9 1 .7 2 7 4 vw
3 .1 1 4 6 V S 1 .6 8 9 1 w
2 .9 8 2 4 w 1 .6 2 4 5 w
2 .9 1 5 9 8 1 .573B vvw
2 .7 0 1 5 W 1 .5 5 0 9 w
2 .6 2 1 0 W 1 .5 2 7 7 w
2 .5 5 9 4 ut 1 .4 8 3 6 w
2 .4 9 7 3 w 1 .4 6 4 8 vvw
2 .4 1 0 0 w 1 .4 2 5 8 vw
2 ,3 5 8 3 s 1 .4 0 5 8 vw
2 .2 8 6 3 vw 1 .3 6 5 2 w
2 .2 0 3 3 vw 1 .3 4 7 2 vvw




1 .2 6 3 8 w
1 .2 4 7 3 w
1 .2 2 8 3 w
1 ,1 6 5 2 V V W
1 .1 7 2 7 IH
1 .1 6 1 1 V V W
1 .1 4 3 2 vvw
1 .1 2 0 9 vvw
1 .1 0 6 2 vw
1 .0 6 1 4 vvw
1 .0 4 4 3 vvw
1 .0 2 6 1 * vw
* b r o a d
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I n p u t  I n s t r u c t i o n s
C a rd  No. 1
NCLASS i n  c o lu m n s  1 -3
[ T h i s  number  i n d i c a t e s  t h e  number o f  " c l a s s e s '  o f  
f i l m s j  i . e . ,  E r  c l a s s ,  P r  c l a s s ,  e t c , ] ]
C a r d  No. 2
NPERID, NUWB i n  c o lu m n s  1 - 3  a nd  4 - 6 ,  r e s p e c t i v e l y
[ i f  NPERM /  0 ,  f i l m s  s u b m i t t e d  w i l l  a l l  be com pared
w i t h  e a c h  o t h e r .
I f  NPERM = 0 ,  "NUMB" f i l m s  a t  end  o f  deck  w i l l  be
compared w i t h  t h e  f i r s t  (I-IMUWB) f i l m s  
in  data de ck ,  where I i s  the  t o t a l  
number o f  f i lm 9 . ] ]
Card No. 5
I n f o r m a t i o n  a b o u t  t h e  compound i n  c o lu m n s  1 -72
[ T h i s  i n c l u d e s  su c h  t h i n g s  a s  compound n u m b e r ,  f i l m  
n u m b e r ,  d e s c r i p t i o n  o f  compound, e t c , 3
INCH i n  co lu m n s  7 3 - 7 6
[ i f  INCH s 0 ,  t h e n  t h e  p rog ram  w i l l  c o n v e r t  v i s u a l l y  
e s t i m a t e d  i n t e n s i t i e s  ( a c c o r d i n g  t o  t h e  
schem e v v S s 7 ,  v s s 6 ,  3=5 ,  m&4, ws3 ,  vw=2, 
vvw=l)  t o  a s c a l e d  1 - 1 0 0  r e p r e s e n t a t i o n .  
I f  INCH 4  0 ,  t h e n  i n t e n s i t y  d a t a  i s  r e a d  i n  on a
1-100 s c a l e .3
N0LINE i n  co lu m n s  7 7 -7 8
[NOLINE s number  o f  d v a l u e s  i n  a g i v e n  f i l m . ] ]
117
Card No, 3, continued
LIMIT i n  c o lu m n s  7 9 - 8 0
[ i f  LIMIT > 0 ,  t h e n  t h e  l i m i t s  on d v a l u e  d i f f e r e n c e s  
p e r m i s s i b l e  f o r  a m a tc h  a r e  t h e  s t r i c t  
l i m i t s  i n c l u d e d  i n  t h e  p rog ram  ( s e e  
P 4 6 ) .
I f  LIMIT s 0, t h e  l e s s  s t r i n g e n t  o f  t h e  two l i m i t  
s e t s  ( p  4 6 )  i s  u s e d .
I f  LIMIT < 0 ,  a  l i m i t  s e t  o f  t h e  u s e r ' s  c h o i c e  i s  
r e a d  i n t o  t h e  p r o g r a m .
( N o t e i  I f  tuio f i l m s  b e i n g  com pared  have  d i f f e r e n t  
d e s i g n a t i o n s  f o r  LIMIT, t h e  r a n k  o f  LIMIT i s *
LIMIT < 0 t a k e s  p r e c e d e n c e  o v e r  LIMIT = 0 w h ich  
t a k e s  p r e c e d e n c e  o v e r  L I M I T > 0 .  F o r  e x a m p le ,  i f  
one  f i l m  h a s  LIMIT > 0 and  a s e c o n d  h a s  LIMIT & 0, 
t h e  two f i l m s  w i l l  be c o m p ared  on t h e  b a s i s  o f  t h e  
l e s s  s t r i n g e n t  l i m i t s . ) J
C a rd  No. 4
ALIM1, ALIM2, ALIM3 i n  c o lu m n s  1 - l d ,  1 1 - 2 0 ,  a nd  2 1 - 3 0 ,
r e s p e c t i v e l y
[ i f  t h e  u s e r  w a n t s  t o  r e a d  i n  a d i f f e r e n t  l i m i t  s e t  
from e i t h e r  o f  t h o s e  p r o v i d e d  i n  t h e  p r o g r a m ,  t h e  
d e s i r e d  l i m i t s  a r e  r e a d  i n  h e r e . l  
C a r d s  No. 5 .  6 .  . . . n
DVAL(l) a n d  INTEN(I)  i n  c o lu m n s  1 -7  a nd  8 - 1 0 ,  1 1 - 1 7  and
1 8 - 2 0 ,  e t c .
[ T h e s e  a r e  t h e  d v a l u e s  a nd  c o r r e s p o n d i n g  i n t e n s i t i e s  
f o r  e a c h  f i lm , " ]
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U l M t f j S l  )M CV AL I b f l .  LOO ) ,  INTENI  6 0 ,  IOC ) » NHL I N L I I , NCOMP 11>0) * M O H L H  
H  1C J) , K “ CO t 10 , 1 0 0 )  , L I M I T  ( 100)  , *11. 111 { 100)  , ALI M22< IOC)  ,
2 ALI  Mi  3{ 1 00 )
•/ .HITE ((, , 2 0 1 )
201  FORMAT! ‘ 1 THI S PROGRAM COMPARES 0 VAl .UtS A WO I N T E N S I T I E S  ( jF POWOE  
I R PAI  TERNS 1 , / / / / )
KEAU( S ,  1 I NCLASS
1 FORMAT ( S i l l
2 0 0  66 I JK L = 1,  OCL AS S 
READ!  5,  I )  NP ERM, MUM IS 
J^O
3 l = I H
NOP ILM(  1 ) - 1
R EAiX 6, A I ( RrCOROt K 1 , I I , R I = I  , 1 8)  , INCH , NUL I ME ( I ) , L I  MI T( I )
I F ( N.JL I HE l l l . L T . f i )  GH TO 6
i f: < l i ■; i r 1 1 »• ce . o) go re a
R £ A J I 5 , 1 1 ) AL I M 1 K  I ) , A L I M 2 2 I  I ) ,  A L I M J 2 M  ) 
i l  F O R M A T ! 3 F I 0 . 5 )
*  Fuk.TAT ( ICA' t  , [A , 2 1 2 )  
a NI  1 =NOL INK ( I )
R L A D ! 5 , 5 )  I 0 V A L I L  , I ) , I N T E N 1 L , ! ) , L ~ 1 , NI  1) 
it F ORMAT ( d ( P 7 . 3 ,  I i )  )
I f  ( I f lCri  .RE . 0  ) GO TO 3
c a l l  Ch a n g e  U - . r c . w , !  , n i d
GO TO 3 
l> L oU T I NU E 
vOU TE ( 6 , 6 I I  ) 
o i l  T U M A I O - ' ,  * HE ARE PAST THE D A T A ' , / / )
1 *--1-1 
1 I
i r t N P E K M )  5 0 0 , 7 , SCO 
7 I J =  I -NOMO 
M G = 1
NUMil 1 = I J+L
0 0  110 J I J = 1 , 1 2
MR-Mg
0 0  110 K = 1 , I J
1 F < NOLI  NT. < J I J)  - M I L  INE IK.) J 10,  10,  20  
10 NU1=NL/ '  I L '•! I K )
I«IV = NL> I L M ( J I J )
GO I.) 21
20 . \01=NGF I L 4 ( J I J )
0 0 2 -MCE I I . MI  x)
.21 CONTI  .'IJE
I FI  I. I Ml T I N 0 1  ) .L T . 0 )  GO TO 22 
'GO 10 2 3 
22 AL l MI i - AL  I Ml 11 N O D  
A L I 2 "■ A L I " 2 2 ( T, 01 )
AL I M3- A L I P  3 3 ( N 0 1 )
GO TO 24
21 I F-1 L I M1 T ( NIJ2 ) . L T . 0 ) GO 1 0  25  
GO TO 24
26 A L I M I  = AL 1 M11 I N02)
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AL I M2 = AL I 1 N02 )
ALI  M 3 - A L l K J 3 ( m i 2 )
2 A CONTINUE
CALL. CiiMf' i) ( r j U1 »NU2 , C'V AL , I M  HN, NGL [ f i t , NCUM P ,NF I. Au,  L I M l  T . A L l M l ,
1 A L I M2 ,AL I ” 11
i r c i r c A i , . l o . c i ) g o  t o  i o
I F ( OK . OT • MG ) GO TO 1 L 3 
W KI T L ( 6 , 3 5 I RECORD! 1 , J 1J )
V-M TL ( 6 ,  1 12 ) I tU COHO ( I 1. J I J I , I 1 = I , 13)
1 1 3  m M T L ( G , 1 1 1 )  ( R E C O R D !  12 , K )  ,  I 2 =  1 ,  1 6 )
MH =Ml< f  1
111 FORMAT ( 2 0 X , 13 A A )
112 F-OP MAT ! 2 0 X ,  ICAA , / )
3 5  Hi  IRMA T { /  • F I L M 1 » 2 X  , A A , 2 X , • U C E S  MOT MA T C H  THE F O L L O W I N G  F I L M S '  , / )
GO TO 1 1 0
>J ri R I T L ( 6 , 3 1 ) RECORD! 1 , J I J > , RECORD! 1 ,K)
31 F O R M A T ( / / / / ,  ' F I L M '  , 2 X , A A , . ? X , ' M A T C H E S  F I L M ' , 2 X , A A , 2 X , 6 2 ( ' * '  ) t / )  
OR I r C L t - ,  111  ) ( R E C O R D !  I 3.  J I J ) , I 3 = 1 ,  I t ! )
■ WRl TF. ( 6  , 112 > (RECORD! IA , X ) , I A -  I f 1 '3)
Kr. I I I :  ( , 32 ) RECORD! 1 ,NL’ 2 ) , RECORD! I ,ND1 )
32 FUHMAT( 2 0 X , ' L I S T I  MG OF U VALUtrS AMO CORRESPONDING I N T E N S I T I E S  THAT
1 MATCHED ' , / / / 2 0 X ,  ' F I LM V, I Ti l  FI-. .2R 0 VALUES • 1 , 1 2X » ' FI LM WiTh MORE 0
i VALUES / / 2 7 X  F ILM • , AA , 2 -I X , ' F I LM • , AA , / / 2 0 X  , ' MO. U VALUE I
1 M X  MS I TV'  i 1 2 X ,*  NO. 0 VALUE 1N I fMSI  T'i ' , / 20X , 62 (  ' - ' ) , / 2 0 x , c 2 ( ' - *  
1 I , / / )
JH.L =MC)L I ME ! NO2 I 
LJVAL! 6 0  , MCI ) - 0 . O  
1 M E N  (6 J , N O N  = 1 0 0 0  
DO 60 l = l , J K L  
NC = NCUMP( I )
I F I M C . G T . O )  GO TO 6 7  
t' .C  = 6 0
u t  *R H E  ( 6 ,  61 ) I , I )V AL! I , N C 2 ) , I M E M  1 , N02)  i f.LUMfM I ) ,OVAL ( NC , M01 )  ,
1 I M  E M  IOC , NN1 ) 
o i  FORMAT ( 2CX,  I 3 , 3 X , F-7 . A , 5X , I A , 1 5 X, I 3 , 3X , f 7 . A , 5X , I A ) 
rtiil TE ( 6 , 6 2 )  
u2 EOF MAT! 2  O X , 6 2 ! ' - • ) , I X )
6 6  C O N T I N U E
1 lU CONTINUE 
GU TO 6 6  
3 0 0  C D M T I  NOE  
0 0 =  1
DO 5 1 0  I N = 1 , I 
MR = M()
I I N = I U 11
I F !  I I M . G T .  I ) GO TC 5 10
00  510  J N-  I I N , 1
I F !  N.JL 1NE I IN ) .GT .NOL INC!  JN ) ) GO TO 515  
NO I = J ‘ I 
Nf)2 = I N 
GO 10 52 0 
3 l 3  N i_i I  = I N
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NL)2 = J.N 
:>2J CONTINUE
11'(I .  I,‘11 T ( N U l )  .L r . 0 )  GC TO 54G 
GfJ TO 541  
b ' t J  AL I *-11 = A L I Ml I INCJ1 )
AL I M2 -  AL I ' M l  C .MO 1 )
A I. I M 3 = A L I M 3 J ( N i J 1 )
? ‘, L  I f ( L I MI T ( N02 ) , L T . 0  J GC TO 54 2
GO TO !i 4 3 . '
542 AL 1 M| -At .  1 N I 1 ( NH2)
A L I 0 2 - A I .  l.v2 2 ( N 0 2 )
A L I 0.1 ~ A L 1 M 3 3 ( NG 2 ) 
b'tJ f .rj ;aUJIJ!i
t. ALL CGMPiHNOl  ,N02 , DV AL , I N T GN t NOL I Nl: , NtUM P NF L AG , L I M I T . AL IM 1,
J AL I M2 f AL I M 3 )
1 r  ( i j f l a g  . c j  . o  ) g o  r c  b i o
I t  ( M R . G I . N O )  OU TO 114  
ft'Rl Fl i (G,  Jb)  i\t. LOi\ C I I ,  I N)
WKI rc t 6  , 1 12 ) ( Kt CCItfJt I 1 , IN ) , I 1 = 1 , 13)
114  R M  I- ( o , 111)  ( RECORD! 12 , JN)  , 1 2 - 1 ,  U )
MR =MI< + 1 
GO T)  5 1C
5>J V.'K I T ( 6 i 31)  KLCCUDt 1 ,  IN I , RE CURD< I , JNI  
WR I I I .  <G , I I 1 ) < RLCLiUJ ( 1 1 , I N ) ,  11 = 1 , 1! ) )
, ; RI  Ft: t G , 1 1 2  ) ( Rl C U O :  ( 1 2 1 J M  , I 2  = I , I  d )
h R J  T I: I G , 3 2 )  ACCORD I 1 , N C 2 )  , A LLCRD ( I , 0 0 1 )
JKL= 4UI. I NE(NU2 )
DVAL I GO, NCI  ) ~ 0 . 0  
INTEN(GO,N0I)s 1000 
I K)  b i b  I A =-1 » JKL  
•NONCGMtM I A)
I t  (NC .Gl  . 0  ) GO TO 53 1 
f-JC = GO
3 i l  LRI  U ( u  , u l  ) I A , OVAL! I A . N G 2 ) , [NT L0(  1 A, NO2)  , UCUMP« I A ) , DVAL(NC,NO I ) ,
1 I .NIL - HOC,  NO I )  • •
Vi Ml I L (0 , 62 ) 




CALL L X I T
r  mo
GUilK JUT I Nt: CO MR t) ( NO 1 , N L ?. ,  OVAL , I N T E f . , NO L I OL , NCOMt*, N f  L AG , L I MIT , AL IM I 
I , AL JM2.AL I ‘*3 )
J U' tNG I UN 07 AL ( AC , 1 0 0 ) ,  I N I K N ( 6 0 , I JO) , NGL L i t  (GO) ,NCOMP( f ,0)
DI MENSI ON L ( MI T( IG 0)
M I N - 0  
M A X -  0
IT ( L I M I  T (NO I ) ) GC.) , 6C2 , 6 C l  
GO I I F ( L I  M l T ( N O 2)  ) u 0 3 , 6 0 2 , 6 0 0  
oUJ AL I M I = L’ • 10 
ALIM,!  = 0 . 0 5  
AL I.M3 = 0 . 0 1
13  CON T I N J £
NG=N:)+1
DO 300  I = N N l t NN2 
Dll 30 1 J I J - 1,  N M 
I F ( NC ON >* I J I J ) . L 0 ■ I ) CO TO 300  
JO I CONTINUE
I F I AL 1 ^ 2 - ArfS t D V A L I  I , N C 1 ) - D V A L I  I I , Nt J 2 )  ) ) 3 0 0 ,  3 1 0 , 3 1 0
3 1 0  I F !  I Al l  5 ( I N T ENI  1 I *N 0 2  ) -  1 NT E M  1 , ND1 ) ) . GT . 1 5 )  GL) TO 3 0 0
N C u U l M I I K I  
N C l = N U l + i  
GO TO 3 1 5  
3 0 0 '  C O N T I  NUE- 
3 1 3  C O N T I N U E  
1 J = I  I +1
IT I OVAL ( I J , N r  J 2 ) .GT . 2 .  COJ GC TO 5 
DNU.v=FLClAr(N(Jl )
O N G M = F I O A T ( NC)
PI:k = DNUM/DNOM 
I F I 0 . 7 1 U - P C K )  3 2 5 , 3 2 5 , 3 2 0  
3 20  NFL AG = 1 
k h T URN 
325  NFLAG=0
GO TO 6  t .
2 0  C O N T I N U E  
h  c -  NO* 1
DU 4 0 0  I - N N 3 , N N 4  
DO A3  1 J  I J  = 1 , NM 
I K  N C I W P I  J  I J  J . E l ) .  I » GC TCJ AGO
* , j i  c o n t i n u f :
I F I A L  IN 3 - A i i S I  DVAL  I I , N 0 1 ) - D V A L (  I I  » N U 2 )  ) ) 4 0 0 , 4 1 0 , 4 1 0
• t l u  I F !  1 A 6 S I  I N T L N I  I I , N U 2  I - 1 N T E M  I , N 0 1  ) ) . GT .  I 5 )  GO TO AGO 
NCO. ' KM I f  ) = I 
NC1-NQ1 F 1 
GO TO A 1 5  
AGO C O N T I N U E  
4 1  i. C O N T I N U E
I F A I I  • L T . )(N< GO tc  5 
I f C O . u T  . 1 1 )  GO TO 5 
U NUf' = F L 0 A T ( N 01 )
D N O f - F L n . M  ( f ’C)
PER-ONUM/UNOM 
I F ( 0 . 7  ) 9 - P i:a ) 4 2 5 , 4 2 5 , 4 2 0  
4 2 0  NFL A0-= 1 
NET URN 
425  NTLAvj- 0 
o N0= 0 
N J1 =0 
3 CONTINUE  
7 KETUKN 
END
S U i K D u r i N E  C U A D G E I  I NTL: N ,  I J . N I  1 )
DI MENSI ON I NT E N ( 6 0 , I C O )
NUM = I N  T E N ! L , I J )
GO T'J 6 0 3  
ov)2 A L I r t l = 0 . 30 
AL I M2 = 0 . 15 
A L I MJ  = 0 . 1 0  
6U3 NM=IJ )L J .’JE 1N02)
MN-NOLI  fit- (NOL )
DC) 6 0 J = 1 t M.N 
43 NCUMP(J ) =C 
NQ = 0 
N 01 ~0 
N S 1 =0 
NS2=0  
N 53=0
0 0  6 1 = 1 iMN
1F< DVALC I ,N01 ) . Gfi . ' t .COJGO TO 105
1 F ( DVAL ( I ,Nf ) l  ) . L T . ' , . CO. ANE). OVAL ( I ,N01 » .GT . 2 . 0 0 )  GO TO 1 10
I M  D/ALC I , N 0 1 )  . L E . 2 . C 0 ) G U  TO 115
105 NS1 =i *Sl  t 1
GO 10 4 
u j  N 32 = u . S 2+ i  
GO T J 4 
113  N S 3 = . N S i * l  
CUGTIOJE  
N N 1 = ? i S 1 +■ 1 
M j2 = . N 3 UN S 2  
UJ3=-vN2M 
UiV,= i S l  + NS2+NS3  
DO 3 I l = l , N M
1 P( DV AL ( 1 1 , N02 ) .GF; .A . 0 0 )  GO TQ 10
I Ft  UVAL I I I , 0 0 2  ) . LT . CO. AND.  DVAL ( 11 , N J 2  ] .GT .2 . 0 0  ) GO TO 15 
i f ! O V A L  1 I I ,HG2 ) . L l . 2 . 0 0 )  GO TO 20 
10 CONTINUE  
NlJ = iV}+ I
DO 2 0  0  I = 1 , N S 1  
DO 2 0  1 J I J = 1 , V-1 
I F {  NCG4P< J 1 J )  . h i } .  I ) GC TO 200  
201 CONTINUE
IF I AL 1 -II —AOS I OVAL ( I , 1.0 1 ) -OVAL ( 1 I , .NG2) ) ) 2 0 0 ,  2 1 0 ,  2 10
210  i l l  I A i b ( I  N T I: N I 1 I , NU 2 ) -  I N TL: \  ( 1 »NO 1 ) ) . G T . 15)  GU 1 0 2 0 0  
NCf.MPl I I ) = I 
1,01 1 * I
GO TO 2 1 5  
200  CONTINUE  
2 15 CON f l ' i J C  
I J=N ) »-l
I ' M D / A L l  I J , N ) 2 )  . G E . 4 . C C )  GO 10 5 
N 02 = ' 10-1
I F l M N l  . L T . N N 2 )  GO TO 220  
GU Tv) 22 5 
2 2 0  NFL AG = I 
RF T IJiCi'i 
2 2 3  HFLAG=J  
Gi) TJ 6
DO b - l - l . M l
I F  ( K' . JK.  L T  .  I N T E N ( I » 1 J  ) ) NUM = I N T C N < I , I J ) 
l> C O N T I N U E
I F I OU. V.  l i u . 7  > 6 0  TO 16 
I H u U M .  1: 0 . 0 ) GU TO 12 
DO 10 ! = l , N l l  
1 N 1 I H I  I , I J ) = 1 N T E N (  I ,  I J  ) * 10  
1 F C 1 Ml t N< I , 1  J)  . C O .  1>J) INTENl  I ,  I J  1 =  1 5  
1J 'CONTINUE  
RETURN 
1 ^ DO 1 6  I = 1 j N I 1 
\ o  I N I E N ( I , I J )  = I NTEN(  I ,  I J  >*15  
RE 1 URN 
l o  DO l y  1 = 1 , N i l  
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JNTLOCU *2l .N  
U I Ml: US M M  [<■.'( 1 5 , 5 }
U MENS I D N  L ? J ( 7 ) , X l U 5 t 5 ) , X 2 (  1 5 , 5 )  , Y U S ,  5)  , F L U l  1 5 , 5 )  , F L U M  1 5 , 5 )  
UI MLUSI ON CtlMUC 15,  5) ,V.T,YCL< l b , 5)
Dlf-'I-.JSIU-M ALiU ( 71
l)Al A L N / '  Y* , • LA'  , 'GC ' , ' ER • , * SM* , ' PR • ,  ' f c U ' /
A I.M 1 ( 1 ) = 3 3 . 9 0 5  
A L N l l  2 ) = 1 3 3 . 9 1  
A L N1 ( 3 1 = 1 5 7 . 2 5  
A L N l t A )  = 167 . 26 '
A L M (  5 ) =  1 50 . 35 
A LM 1 ( 6 )  M A O .  907  
A L M 1 ( 7 ) = 1 5 1 . 9 6  
DO 10 I J K M  , 7 
WKI  T 9 ( 6 , 6 0 0 )  
oOJ FORMAT! ’ 1 1 )
DU 20 1 = 1 , 1 5  
DO 20 J M  » 5 
X 1 ( I , J ) = I ' H A .  0 06 7 
X2 ( I , J ) M * A  . 0 3 2  
Y( 1 , J I = J = A L M 1 ( I J K >
F 1.U ( I , J ) = ( I M  . M  J > ‘U  8 . 59 8 A
COIIlK I , J ) =X L ( I » J ) + X 2 ( I , J ) +Y ( I , J M  FLU( 1 , J )
t tTMDl .d , J )=COMD(  I , J ) / 1 C O . O
x i (  i,j)=xi(i,j) r v j i .  ( 1 , J)
X 2(1  , J ) =  X2(  I , J ) / M M C L ( 1 , J)
Y ( I , J ) = Y ( 1 , J ) /  n T ’ K) L ( 1 , J )
1 ij ( I , J)  = 3'  J + I 
20 n . U f d  1 , J )  =FLU(  I , J ) /  li T MOL ( I , J )
DC) j  ) 1 = 1 , 1 5
V. P . n c  ( 6 , 6 0 1 )  ( I ,  L N (  I J K )  , J ,  1 0 (  I , J )  , J = l ,  5 )  
o  01 f  DKi-i A T ( • -  * ,  1CX , • ( N U A )  * , 1 2 ,  A2  ,  I I ,  ' F  1 , 12 , A(  I I X ,  • I N H A )  • ,  I 2 ,  A 2 ,  1 1 ,  • F ‘ ,  
1 1 2 ) 7 5 1 1 1 X , 1 J ( • -  1 ) ) / / )
3 0  t.;< I TE ( 6  , 6 0 2  ) ( CCMiU [ , J ) , J M , 5 | , < A l ( [ r J ) , J M , 3 ) , ( X 2 U , J ) , J M , 5 > ,
1 I L M  1 JK > , Y ( I , J) , J= 1 , 51 , ( FLU . H  i , 0 )  , J= I , 5)
6u2  FORMAT ( 5 ( 7 .< MOL . V. T . = ' F 8 . 3 ) /  5 ( 6 X , ' F i:A C 11. 1 N = • F 7.  3 ) / 6  ( 6X , ' Pf.KCfiN T 
1 M =*  F 7 .  3 ) / 5 (  oX , ' PlRCL'T.T ' , A2 , * = 1 ,  F 7 . 3 ) /  6 ( OX , M H H L  L N T F = ' F 7 . 3 ) )
10 CONTINUE  
CALL EXI T  
END
Program f o r  C a l c u l a t i o n  o f  P e r  C en t  C o m p o e i t i  
o f  Ammonium F l u o r o l a n t h a n a t e  H y d r a t e s
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I N H - H f : *  * 2LN  
it I F M i  I f) N A J I J
J!  f - . i - I O N  I J (1 & i 5 ) , L M 7  I , X 1 ( 15,  5 ,  4)  , X ? (  1 5 , 5 , 4 ) , X3< 15,  5 ,  A) 
i l l M H i S I O O  Y{ L5,  5 , 4 )  , r  LU ( 15 , 5 , 4 )  .CC.'-'M 1 5,  5 , 4  » , T MCiL ( 1 5,  5 , 4 ) ,
1 A L N L I 7 )
O A T A L M / '  Y ' , ' L A '  , 1 G L’ • , ' HR • , ' SM 1 , M>R • , '»:U • /
ALr i l t  I ) = b 8 .  i 05  
ALU1< 2)  -  13 5 . 9 1  
AL Nl t  3) =* 15 7 . 2 5  
A L M  ( 4)  = 1 6 7 . 2 6  
A L N l ( 5 )  = 1 5 0 . 3 5  
ALI» 1 ( o)  = 1 4<). 007  
AL. \1(  7 ) = 1 5 1 . 0 6  
[>() 10 I JK = 1 , 7  
. .Rl TK( 6 , f j C f ) l  
6*J0 FORMAT ( ' I ' )
A:)( I )  =(i . 5 
A J< 21 = 1 . 0  
AO ( 3 1 = 1 . 5  
A 0 ( 4 ) -  2  . 0  
JO 21 1 = 1 , 1 5
no 2 1 j = i, 5
UG 20 4 = 1 , 4
A l t  1 , J , K J = 1 * 1 4 . 0 0 6 7
r L U 11 , J , K ) =(  l + 3 * J ) * 1 3 . 0 8 3 4
Y U  , J .1C ) = J" A Lr< I ( I JK)
t  ? l  J , J , K ) = ( 4 . 0 - 1 t 2 . C < AO ( K » ) * I .  00(3
X 3 ( I  , J , K ) = AC < K ) * 1 •;> . 0084
C L OU 1 , J , K ) - X 1 ( I , J ,  iO +FLU(  1 , J , K  ) i-Y < [ , J ,K ) + X8[  I , J , K ) * X 3 ( I , J , K )  
r.TMMl ( [  , J , K ) = 0 00 c t [ , J , K ) /  I 0 0 .  G 
■ X l (  I , J , K )  = X 1 ( 1 , J , K ) / , . T i ' U . (  1 , J , K )
FLI .KI  , J , K J -  F LIJ { 1 , J , K) / a T.’-OL ( I , J ,K)
Y U  , J , A ) = Y (1 , J , K ) / . ,  r MOL ( 1 , 0 , 2 )
X 2 ( I , J , K ) = 22 ( 1 , J , X ) /  ■/. T t> OL ( I , J , K )
22 x i( i, j,:<) = <)( i ,j,k) / A i n u  i »j,m 1 ■
c l  I w ( 1» J )= I + 3 * J
Oil 3 3 [ = 1 , 1 5  
DO 31 J = 1 , 8
✓ R I Ti ((> , 6 0 1 )  ( I , LO( E JK ) , J , I 0 (  1 , J ) , A«.(:' ) o  - 1, 4 )
o ' j i  K1KMA f ( • -  » , 12X , • ( 004  ) • , 12 , <i2 ,1 I , M • , U  , • . ( i-.O)) • , K3.  1 ,31 F.X, U N H 4  I •
i , 12 , a 2., u , • f *, 12,1. ()v:o)' , r j. i i / • x, , i j a , < • - • » » / 1
3J i* R [ T l [ i . , 6M2)  ( L C '  (3 ( I , J . K ) , i \ = I , * , ) , ( * .  L ( i , J , r \ ) p X ' : l , A ) , ( X 2 (  [ t J . K) ,
1 I » 4 ) , ( L M( I JK ) , Y { I , J , K I , X = I , 4 ) , I < 1. J ( J > J • X ) , K = 1 , 4 J , ( X . 3 ( ( , J , K ) «
2 K= 1 , ' . )
OJC f'Or.-.A r (5 X , •. ( I IX , * I'OL . r . = ' , r--i. i )✓•>.(.,.. ( ! A , 11'r ’ i. IO •• j r ;<i -  * ,  r 7 . 3  >
1 / 5 X , '.( 10X , •CFKCFM r )1 =• , F 7 ,  j ) / 5 A  ( l ' j  A , • * , A2 , * = 1 ,1 7 , 3  )
2 / 5 X  I O X ,  •►'IKCtr.T ); = 1 , 1-7 . 3 I / 5 X ,  4 (1.  A , '!>) KOL.jr (J = * , f : 7 . 3)  )
1 J C j MI m.jo
CALL ex I T  
( ;u
